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Industrial pulmonary diseases caused by the inhalation 
of particulate air pollutants are collectively known as 
'pneumoconiosis', which is considered to be the most serious 
among occupational diseases. Even though the various types 
of pneumoconioses caused by different dusts such as quartz, 
mica and asbestos have been very well studied, information is 
scanty regarding slate dust. Health hazards due to chronic 
inhalation of these dusts recently got prominence in the 
national scene in view of the unfortunate situation of grave 
occupational problems at Mandsaur. In order to ensure effi-
cient production and labour welfare, it is vital to safeguard 
the health of the workers against hazards due to prolonged 
inhalation of the dust. For this, indepth biochemical stu-
dies to elucidate the mechanism of slate dust toxicity and to 
develop model test systems, early diagnostic tests and possi-
ble curative clues are essential. Therefore, in the present 
dissertation, biochemical changes in the alveolar macropha-
ges surfactant system and tissue constituents and 
mitochondrial functioning of the lung have been investigated. 
In view of the need to compare the toxic effects of slate 
dust with better known pneumoconiosis producing dusts, the 
literature on the effects of various dusts on macrophages, 
biomeiribranes and pulmonary surfactant has been extensively 
reviewed. 
EARLY BIOCHEMICAL RESPONSE OF SLATE DUST ON LUNG LAVAGE AND 
BLOOD 'OF RATS 
In order to understand the initiation of the toxic pro-
cess, early responses of slate dust in rats .were studied. 
Fifty mg of slate dust was intratracheally instilled into 
female albino rats and studies on the lung lavage fluid and 
blood were carried out at 1, 2, 4, 8, 16, 3 0 and 9 0 days of 
dust exposure. The control animals were given normal saline 
by the same route. The initial response is the accxomulation 
of scavanger cells as a first line of pulmonary defence mecha-
nism. It was observed that slate dust enhances the number of 
free cells after 24 hours of exposure. The accumulation of 
free cells (chiefly macrophages) reached its optimum level at 
4 days (almost 5-fold increase) and subsequently their number 
decreased with the progress of toxic conditions. Acid phospha-
tase was found to be released into the acellular fraction of 
lung lavage indicating the cytotoxic action of the dust on 
macrophages. However, unlike asbestos, the increase in acid 
phosphatase activity was not accompanied by any serious 
exposure of the enzyme from its membrane bound latent form. 
Even at the most advanced stages of exposure, the latency was 
not totally broken thereby suggesting that the cytotoxicity of 
slate dust ^ n vivo consists of damage to plasma membrane 
without much serious damage to the phagolysosomes. Further 
support to cytotoxicity and membrane damage was provided by 
the presence of sialic acid in the cell free extracts of trea-
ted animals. Another interesting feature of slate dust toxi-
city is the enhancement in the pulmonary surfactant levels as 
evident from the increase in phospholipid contents in the later 
stages of slate exposure. Apart from acting as defence mecha-
nism against foreign body, the increased surfactant could also 
affect the normal physiological functioning of alveolar lining 
in respiratory gas exchange. 
The erythrocytes from the slate exposed rats appeared 
to be more fragile to hy:.;otonic shock. This increase in osmo-
tic fragility was also associated with a decrease in the glu-
cose-6-phosphate dehydrogenase activity and reduced glutathione 
content, similarly, protein bound silica in the plasma of 
treated rats was higher. The above changes in the blood para-
meters might have been produced during the passage of blood 
through dust laden lungs. 
SLATE DUST INDUCED BIOCHEMICAL CHANGES IN RAT LUNG 
It was of interest to see whether the cytotoxicity to 
macrophages is accompanied by any biochemical changes in lung 
tissue. Therefore, the effect of slate dust vivo on the 
lung tissue constituents particularly the merribrane constitu-
ents and mitochondrial functioning during the development of 
slate pneumoconiosis was studied at 15, 30, 60, 90, 120 and 
150 days after 50 mg of dust instillation in each rat-. 
One major consequence of slate pneumoconiosis is the 
increasing tendency for collagen deposition indicating pulmo-
nary fibrosis. The initiation of collagen deposition starts 
around 90 days of exposure reaching substantially higher 
values at 15 0 days. The hexosamine and sialic acid contents 
showed significant increase at the later stages as compared to 
the saline treated control animals and may lead to the accu-
mulation of mucopolysaccharides. The changes in collagen and 
mucopolysaccharides are apparently similar to that observed in 
asbestosis, one could in analogy assume that fibrosis is of 
reticulin type. As in the case of asbestos, the phospholipid 
content of the lungs has also increased as a result of slate 
dust ej^osure suggesting alterations in the lipid metabolism. 
The mitochondrial protein and cytochrome c oxidase 
activity increased with the increase in exposure period and is 
in agreement with silica and asbestos toxicity. The enhanced 
terminal oxidation will help in furnishing additional energy 
needed for biochemical changes like collagen deposition through 
the process of oxidative phosphorylation. The mitochondrial 
changes due to slate dust are of a specific nature since the 
inner membrane marker, cytochrome c oxidase increased while 
the outer membrane marker was not much affected. Glutamate 
dehydrogenase activity also increased; while the total acti-
vity showed only marginal increase, the free activity showed 
marked increase in the late stages of slate toxicity. The 
decrease in the latency of glutamate dehydrogenase may presu-
mably be due to the permeability changes in the membraneous 
organisation. Also mitochondria from treated animals appeared 
in a more sv/ollen state, thereby suggesting disturbances in 
the morphological integrity of mitochondria. That biomerrtorane 
functioning is altered in response to stress by slate dust is 
also indicated from the increase in phospholipid content, the 
major constituent of all biomenibranes. The above studies indi-
cated that as in the case of asbestosis^ involvement of biomem-
branes may be an important biochemical event in slate dust 
toxicity also. 
EFFECT OF SLATE DUST ON IN VIVO INCORPORATION OF ^^C-ACETATE 
IISlTO PHOSPHOLIPIDS AND CHOLESTEROL IN RAT LUNG 
The above studies on the biochemical changes in lung 
lavage and tissue constituents in rats at different stages of 
slate pneximoconiosis indicated that turnover of phospholipids 
i ^ n important event in slate dust toxicity. In order to 
understand the exact significance of lipid changes, specially 
the phospholipids, the trend in the individual components, as 
separated by thin layer chromatography at 4 and 40 days of dust 
exposure and also their rate of synthesis, 3 hours after inje-
cting ^"^C-acetate in different groups was followed. 
The phospholipid content of cellular fraction of lung 
lavage increased at 4 days and then decreased at 40 days, 
while reverse was the case for acellular fraction. In the 
icellular fraction, the dipalmitoylphosphatdyIcholine content 
was about 6 2% higher at 40 days while other components also 
exhibited somewhat similar pattern. Similarly, the incorpora-
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tion of C-acetate in total lipids was about 90% higher at 
40 days. Incorporation into dipalmitoyIphosphatidylcholine 
which showed a decrease of about 3C% at 4 days was almost 2-
fold higher at 40 days. Also expressed as CPh/mg dipalmitoy1 
phosphatidylcholine, the incorporation was about 75% higher at 
4 0 days. Thus phospholipid turnover, particularly dipalmitoy1 
phosphatidylcholine^ is an important event of early effects of 
slate dust. 
Four days after slate exposxire, lipid synthesis was 
almost doxible of controls in lungs homogenates while at 40 days 
it was only 6 0% higher. It was significant that mitochondrial 
fraction showed about 30, 43 and 45% of newly synthesized 
lipids in controls, 4 day and 40 day ' samples. With microso-
mes, the respective proportion of lipid incorporation, as com-
pared to whole homogenate, was 15, 19 and 23% for control, 4 
and 40 daya samples respectively. Incorporation in cytosol of 
each fraction was comparatively low. One s a l i a x i feature 
of the present study is the higher incorporation into lung 
mitochondria than other subcellular sites both in control and 
under stress conditions. Individual phospholipid showed higher 
rate of incorporation in the mitochondrial fraction, being 161 
•fay /jkoibU^ x^ / 
and 196% higher/at 4 day and 40 day samples, respectively. In 
case of phosphatidylethanolamine the increase at 4 and 40 day 
samples were 140 and 72%, respectively. Thus specific altera-
tions in individual phospholipids of lijing mitochondria take 
place in slate pneumoconiosis. 
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Similarly, cholesterol content and C-acetate incorpora-
tion in the mitochondrial and microsomal fractions increased at 
the two stages of exposure and the specific incorporation in 
cholesterol also showed an increase with the progress of the 
exposure. Any contribution by enhanced transport of choleste-
rol and stimulated mitochondrial assembly could account for it. 
Thus, alterations in lipid metabolism are taking place in slate 
dust toxicity, 
CONCLUSIONS 
The results presented in this dissertation help in 
understanding the biological effects of chronic inhalation of 
slate dust. The dust is as toxic as some varieties of asbestos 
or quartz and has a remarkable capacity for causing mextibrane 
damage. The biochemical alterations in the cellular and 
acellular fractions of lung lavage and lung phospholipids, indi-
cate that normal functioning of macrophages, surfactant and 
lung cells and organelles, are likely to be altered in slate 
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pneumoconi^is. Further, the metabolic machineries of lungs 
undergo significant adjustment to meet the stress by slate dust. 
The tendency of accumulation of collagen is indicative of 
pulmonary fibrosis. Specific enzyme loci as potential targets 
of toxicity were identified. Changes in the mitochondrial 
functioning also take place. Similarly, significant altera-
tion in lung lipid metabolism is also an important feature 
in slate pneumoconiosis. The detailed understanding of the 
turnover of individual phospholipids will help in understan-
ding the lung biochemistry in health and disease. 
An experimental model for testing the toxicity of slate 
dust has been developed for the first time and further studies 
in a multidisciplinary way could arrive at diagnostic and 
preventive clues. The approach developed for testing _in vivo 
cytotoxicity by the analysis of lavage fluid is another sig-
nificant outcome of the findings. Apart from the toxicological 
relevance of the data, the findings also give considerable new 
informations regarding the basic lung biochemistry. Since 
lung biochemistry is not well understood, the biochemical 
profile studied and methodology developed will go a long way 
in covering areas of lacunae in the understanding of the lung 
biochemistry. Further, the biochemistry of alveolar macrophage 
is not well understood inspite of the immense potential of 
this system in various areas of biomedical research. The inde-
pth biochemical approach developed during the present investi-
gations, is hoped, to be a positive step in this direct! on. 
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FOREWORD 
GENESIS OF THE INVESTIGATION 
Traditionally, the early rudiments of education are 
imparted to children in India on a smooth rectangular plate of 
slate rock, writing with a sharpened slate piece as a pencil. 
In view of the day-to-day need of a large proportion of the 
population, making of articles out of slate has been a fluo-
rishing occupation in India. 
Slate '.making is still a traditional village industry, 
far remote from the modern mechanised industrial organization. 
The craft is virtually inherited so that for generations the 
families are doing the same operations. Industrial hygiene 
problems specially due to prolonged inhalation of dusts, could 
prove serious. This is further aggravated by the longer shifts, 
diversity of age groups,female workers and general insanitary 
conditions and lack of awareness. In fact, Mandsaur, Madhya 
Pradesh (India), one of the major centres of slate making,has 
recently got prominence in the national scene in view of the 
unfortunate situation of grave occupational problems (Jain 
^ 1980; Mitra, 1980; Chakravarti, 1981). There are 
nearly 85 slate pencil factories and 30 mines. Over 4,000 
people are engaged in cutting and processing slate at Mandsaur. 
The slate pencils are made from the mined raw mineral-plates 
of shale. The soft stone is cut into small pieces with 
electrically operated saws, a process which emits dense clouds 
of fine, light dust which the workers constantly inhale in the 
absence of adequate personal protective and the result is pneumo-
coniosis, possibly silicosis. The average life span there is 
just 40 years, so these slate factories are real torture and 
death chambers for the workers. 
Inspite of the grave situation, no concerted efforts 
were undertaken till recently to assess the extent of risk, 
study the long-term toxic effects and develop measures to safe-
guard the health of workers. How far the dusts, fugitive in the 
work places involving rock cutting, grinding and polishing ope-
rations can affect the respiratory physiology of the workers, 
is not understood. 
Industrial pulmonarv diseases caused by the inhalation 
of particulate air pollutants are collectively known as 'pneu-
moconiosis^, which is considered to be the most serious among 
occupational diseases. Even though, the various types of pneu-
moconioses caused by different dusts such as quartz, mica and 
asbestos have been very well studied, information is scanty 
regarding slate dugt. The toxicological evaluation of a large 
number of samples, epidemiological studies and envirorun^ntal 
monitoring in dusty pccupations, and the elucidation of molecu-
lar meqhanism of tpxicity^ form a major part of the activities 
of IndHst)?ial Toxicology Research Centre, Lucknow (India). 
Indepth biochemical studies at the organ, cell, organelle and 
molecular loci aimed at the elucidation of the biochemical basis 
of the toxic condition and development of model systems, early 
diagnostic tests and possible curative clues are involved in 
this approach. in view of this background capabilities in the 
field of dust toxicity, exploratory studies on the toxicological 
evaluation of slate dust were taken up. These investigations 
formed the genesis of the present dissertation. 
AIMS AND SCOPE OF THE DISSERTATION 
The primary objectives of biochemical toxicology vis-
a-vis, dust diseases are the identification of vulnerable loci 
and reactive molecules, and the understanding of the changes 
in physiological function and pathomorphological lesions, in 
terme of changes caused in the biochemical machinery. This, 
in turn, will help to elucidate the molecular mechanism of 
the disease in terms of metabolic adaptations, apart from 
evaluating the exten^f toxicity. The main objectives in the 
present study of slate dust toxicity are: 
i) How far the first line of defence against air-borne 
toxicants - alveolar macrophages - are affected by 
slate dust, as studied vivo. Any biochemical 
change in these cells, specialized for trapping 
foreign particulates in airways will reflect upon 
the pulmonary defence mechanisms. Apart from 
deciding how far a dust could prove cytotoxic and 
fibrogenic, macrophage studies will also help in the 
understanding the entire subsequent development of 
disease. Studies on the fragility of RBC membrane 
which could further indicate membrane damage by the 
dust and its possible implication on hemopoietic 
system. 
ii) What are the biochemical changes in lung tissue cau-
sed by the residence of slate dust there in? Recen-
tly, it has been understood that lung has an active 
metabolism, needed to sustain the vital functions of 
the organ as well as overall functional state of the 
body. As such, any change in chemical constituents 
or catalytic machinery, i.e. the enzymes, caused by 
xenobiotic stress will be important in understanding 
the mechanism of toxicity, 
iii) How far the pulmonary surfactant system, which is the 
specialized mechanism responsible for monitoring the 
expansion and contraction of the alveolar sacs, is 
affected in slate toxicity. Any impairment of this 
could directly be related to the respiratory difficul-
ties encountered by the worlcers. 
Keeping in view the above objectives, the scope of the 
present dissertation has been planned to include biochemical 
result^ of the intraalveolar reactions of the slate dust, i.e. 
the response of alveolar macrophages and surfactant system 
along with changes in the metabolic activities of the l\ing. 
This dissertation commences with an introduction where 
the relevant literature is reviewed. The first chapter of the 
thesis comprises a study of the changes in the key biochemical 
parameters of the acellular and cellular fractions of bronch-
oalveolar lavage from control and slate dust treated rats at 
different stages of the disease. Release of acid phosphatase 
is taken as marker for cytotoxicity to macrophage and surfac-
tant for lavage changes. The biochemical changes caused in 
lung tissue and organelles at various stages of the disease, 
especially in relation to fibrogenesis are studied in depth in 
Chapter II. Likely involvement of mitochondrial machineries, 
akin to those reported for asbestos and silica, are also 
followed. The above studies indicated the involvement of spe-
cific lipid components in the disease process. Therefore, the 
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incorporation of C-acetate into various lipid fractions in 
vivo as influenced by slate dust is studied in Chapter III. 
The dissertation ends with a brief general discussion correla-
ting the salient features in terms of biochemical interactions 
and explaining the toxic processes by this dust, 
CONCLUSIONS 
The results presented in the dissertation help in under-
standing the biological effects of prolonged inhalation of slate 
dust. The dust is as toxic as some varieties of asbestos or 
quartz and has remarkable capacity for causing merribrane damage. 
The fluctuations in lung lavage (cellular and acellular frac-
tions) and lung phospholipids, indicate that normal function-
ing of macrophages, surfactant and lung cells and organelles 
are likely to be altered in slate pneumoconiosis. Further, the 
metabolic machinery of lung undergoes significant adjustments 
to meet the stress by slate dust. The tendency of accumulation 
of collagen is indicative of pulmonary fibrosis. Specific 
enzyme loci as potential targets of toxicity were also identi-
fied. These results thus indicate the potential toxicity of 
slate dust. An experimental model for testing the toxicity 
of slate dust has been developed for the first time and further 
studies in a multi-disciplinary way would arrive at diagnostic 
and preventive clues. Apart from the toxicological relevance 
of the data, the findings ilso give considerable new informa-
tions regarding lung biochemistry. Since lung biochemistry 
is not well UDderstood, the biochemical profile studied and 
methodology developed will go a long way in covering areas of 
lacunae in the understanding of lung biochemistry. Further, 
the biochemistry of alveolar macrophage is not well understood 
inspite of the immense potential of this system in various 
areas of biomedical research such as environmental health, high 
altitude physiology, air pollution effects, respiratory dist-
ress syndrome in infants and other lung diseases. The indepth 
biochemical approach developed during the present investigation 
is hoped to be a positive step in this direction. 
REVIEW OF .LITERATURE 
1. PULMONARY BIOCHEMICAL RESPONSE TO PARTICULATE AIR POLLUTANTS 
It has only recently been realized that lung is not 
merely a passive organ, involved in physical exchange of gases, 
but it has also an active biochemical machinery (Tierney, 1974), 
The interest in lung biochemistry was confined mostly in rela-
tion to lung infections. With the understanding of the role of 
pulmonary surfactant in Hy-^line membrane disease (respiratory 
distress syndrome in newly born) , the modem biochemical 
approach towards lung gained momentum (Harlan ^ al,/ 1969; 
Harlan and Said, 1972; Clements and King, 1976), especially 
developmental aspects (Harlan 1966; Brumley, 1971; 
Knelson, 1971). The increasing incidence of lung cancer 
(Doll / 1955; Enterlinc and Henderson, 1973; Gilson, 1973; 
Whitwell et , 1974; Shettigara and Morgan, 1975; Reeves, 
1976; Martischnig et , 1977; Saracci, 1977; Selikoff, 1977), 
and the grave concern regarding smoking hazards (Binns, 1975; 
Davis et al., 1975) also contributed to the development of 
lung biochemistry. The main bottleneck of biochemical studies 
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that of experimental difficulties, was solved with the develop-
ment of lung tissue fractionation methods by Witschi (1974, 
1976) and the use of lung perfusion technique (Crystal, 1976; 
BaWile and Vane, 1977; Mustafa and Lee, 1979) . The other 
uncertainty caused by the presence of a large number of cell 
types (Sorokin, 1970; Nagaishi^ 1972; Kilburn, 1974) was par-
tially overcome by the use of macrophages (Rigdon/ 1975) and of 
specific cell line culture studies (Chamberlain and Brown, 1978). 
Another factor that contributed to the present state of 
knowledge regarding respiratory biochemistry, is the role of 
lung in high altitude physiology and other areas of hypo and 
hyperbaric conditions (Ernsting, 1969). However, the main 
drawing force that boosted the stage of art of lung biochemi-
stry to the present state, is the overgrowing concern regarding 
adverse health effects of ^ir pollutants (Drew and Witschi, 
1976; Viswanathan, ^ , 1980), 
The health hazards due to chronic and acute inhalation 
of noxious substances present in polluted air from community 
environment or occupational atmosphere account for a major 
proportion of occupational and environmental diseases (Hunter, 
1969; Zaidi, 1969; Menzel, 1971). Since liing is the port of 
entry and often the site of damage, the biochemical machinery 
of this organ is under constant stress, as a defensive mecha-
nism, as an adaptive metabolic adjustment in response to the 
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stress or as an effect of succumbing to tissue injury. The 
biochemical toxicology of air pollutants with lung as target 
organ, has been the subject of many reviews (Drew and Witschi, 
1976; Viswanathan ^ , 1980? Davis, 1981) and as such they 
are not reviewed here. 
Recently, it has been realised that lungs can also acti-
vely biotransforro xenobiotic residues (Philpot ^ * 1977), 
This is important in view of aryl hydrocarbon hydroxylase, 
smoking and lung cancer and has been very well studied (Fisher, 
1976; Shettigara and Morgan, 1975). Another aspect, which is 
not finding a prominent place in this review, is details of 
lung metabolism (Crystal, 1976; Fischer, 1976; Bakhle and Vane, 
1977) in health^disease and xenobiotic stress (Philpot et al,, 
1977), even though a few passing references are given for com-
parison with effects of di.sts. 
The major particulate air pollutants are dusts of silica, 
silicatos and other minerals fugitive from mining and proce-
ssing; vegetable dusts from agroindustries and viable dusts 
(Jacobson and Morris, 1976; Hunter, 1978), Considerable 
information is available regarding their biological effects as 
monographs (Hunter, 1969; Zaidi, 1969; Selikoff and Lee, 1978? 
Michaels and Chissiek, 1979) and reviev;s (Harington, 1974; 
Suzuki, 1974; Harington et al., 1975; Bowden, 1976; Kaw, 1977; 
Rahman <1977? Rahman ^ , 1977; Viswanathan, 1980), In 
biochemical terms, the dusts may be grouped as inert residuary 
1 0 
in lungs or getting eliminated gradually or as toxic ones pro-
ducing pulmonary or extrapulmonary effects (Singh 1975). 
The main toxic effects are fibrosis (Harington, 1974; Chvapil 
and Peng, 1975), immunological alterations (Van Furth, 1970; 
Menzel, 1971; Brunsteller ^ 1971; Walters and Padimitriou, 
1978; Miller, 1979; Kagan, 1981), allergic effects (Bdrnstein 
and Moteff, 1976), altered respiratory functions (Fisher, 1976), 
cytotoxicity (Comolli, 1967; Heppleston and Styles, 1967; 
Allison, 1971; Douglas, 1974; Miller, 1978) and some times 
cancer (Doll, 1955). At the biochemical level, these effects 
could be due to interaction with biological membranes as evi-
dent from the studies conducted at this Centre (Rahman et al., 
1977). 
Inspite of the current intensity of pulmonary biochemical 
research, there still exists many lacunae. Even though membr-
ane damage is definitely a contributing factor to toxicity, its 
causes and effects in terms of biochemical mechanisms are not 
veiry well understood. Similarly, the bulk, of studies on macro-
phages so far has been using vitro systems so that the 
in viv^ 9 response of these versatile cells are not clear. Also, 
there are several uncertainties in the biochemical profile of 
macrophages in health and under stress. An attempt is made 
in the following pages to analyse the available information 
critically to arrive at a clear picture of the biochemical 
response to dusts. 
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2. MACROPHAGES AND DUSTS 
Ever ^ i-ncei ?HGtschiiikd^ ££- (1883) discovered the amoeba like 
phagocytic capacity in specialized mammalian cells, macrophages 
have been a fascinating field of study. With their role in 
body defence against foreign bodies and in immunological pro-
cesses becoming clear, the study of macrophages mounted momen-
tum. In the last decade, several monographs and reviews 
(Brain, 1970; Henzel, 1971; Cross ^  1971; Bowden, 1973; 
Cohen and Gold, 1975; Miller, 1978; Hocking and Holde, 1979; 
Davies, 1980; Kagen, 1981) have appeared on various aspects of 
macrophages. In the field of occupational and environmental 
xenobiotics, macrophages assume great importance as a dust 
scavenging mechanism, as an early event in cytotoxicity and 
etiopathogenesis and as such provide a convenient test system 
for predictive toxicological evaluation (Kaw, 1977). From the 
point of view of basic biochemistry also, studies on macropha-
ges constitute an area of major interest especially because of 
its specialised functional organization, origin and developmen-
tal stages, and its role in immunological phenomenon. There-
fore, in the following pages, some aspects of macrophage bio-
chemistry and its role in relation to dust toxicity, are revie-
wed. 
2.1 Alveolar macrophages 
The pulmonary alveolar macrophage (PAM) is a form of 
resident mononuclear phagocyte lodged in the lung form circula-
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tion and functions as the primary defence against inhaled par-
ticulate matter (Green and Kass, 1964; Cohen and Gold, 1975; 
Adaipson fe Bowden, 1981), Even though, it is often referred to 
as .a free alveolar macrophage, this cell is interdependent 
with the other cellular elements of the lung and the lymphoid 
system constituting a major part of the cellular defence 
mechanism of the whole body (Fig. l). The study of these cells 
in animals became practicable in 1961 when Myrvik and his co-
workers developed a procedure to obtain rabbit PAKa by lung 
washings (Myrvik et 1961). Recent widespread application 
of fibrtfptic bronchoscopy has allowed the routine recovery of 
alveolar macrophages (AMs) in many diseases (Begin ^  a^., 1981) 
These technical advancements have aided in the intensive study 
of both human ancj animal PAhs. Such studies have provided 
vital new insights into pulmonary physiology and pathophysio-
logy. 
The pulmonary alveolar macrophage is unique among mono-
nuclear phagocytes in several ways. The residence of these 
cells at an air-tissue interface results in their direct expo-
sure to inhaled microorganisms and environmental toxins, inclu-
ding specific air pollutants and cigarette smoke. The aerobic 
environment of the alveolus has led these cells to develop spe-
cific metabolic adaptations (Simon et ad., 1977) by which such 
cells are eguipped with a defence mechanism so as to counter 
the adverse physiological effects of environmental pollu-tants. 
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Fig, 1, The cells of the alveolus (adopted from Dov;f^ en, 
D.H,, The alveolar macrophage and its role in 
toxicity, Crit, Rev, Toxicol., 2, 95, 1913\ 
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2.2 Origin 
Tissue macropTiages of various organs derive from progeni-
tors in the bone marrow (Volkman and Gowans, 1965; Van Furth, 
1970). In animals given lethal whole-body irradiation, followed 
by infusion of donor bone marrow cells, the AM population is 
substantially replaced with cells of donor origin. These stu-
dies have used enzymatic (Brunstetter ^ 1971; Weiden 
aJ.., 1975), antigenic (Godleski and Brain, 1972; Shand and 
Bell, 1972) or karyotypic markers (Pinkett ^  aj.., 1966; 
Virolainen, 1968) to distinguish between macrophages of host 
and donor origin. Bowden and his colleagues have proposed a 
multi-compartment model for the kinetics of AM (Bowden _et al., 
1969; Bowden and Adamson, 1972). According to their experi-
ments, the direct precursor of PAM appears to be an intersti-
tial cell derived from circulating monocyte which, in turn, 
arises from a bone marrow precursor cell (Fig. 2). Recently, 
it has been proposed that in the normal lung, a steady output 
of alveolar macrophages is maintained by a dual system whereby 
most cells arise by monocytic egress across the blood air 
barrier and a smaller proportion are produced locally from 
proliferating interstitial cells (Bowden and Adamson, 1980). 
The interstitial cell can proliferate, and it may be in the 
interstitium that the PAh develop^he functional and metabolic 
features which distinguishes it from the blood monocyte. 
Until recently, the capacity of the PAM for self-repli-
cation was questioned (Van Furth, 1970). However, the 
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proliferative capacity of the rodent PAM ^ vitro (Soderland 
and Waum, 1973; Maum, 1975) and in vivo (Evans ^  aj.,, 1973) 
has been definitely ..established, and the ability of rodent 
PAMs to proliferate and form colonies in soft-gel agar culture 
has been demonstrated (Lin ^  1975). Various environmen-
tal conditions can affect proliferation of AMs ^ vivo^ For 
example, nitrous oxide, is a potent stimulator of macrophage 
proliferation in the lung (Evans, 1973). 
2.3 Morphology 
The mononuclear cells obtained by bronchopulmonary 
lavage have been extensively studied by light and electron mic-
roscopy (Bo\7den, 1973) . They vary in size from 
15-50 ^ m in diameter. In Giemsa-stained preparations, the 
cytoplasm appears as gray and contains numerous dark blue gra-
nules and cytoplasmic vacuoles. The nucleus to cytoplasm ratio 
is about 1:3. Nucleoli are frequently visible. Weibel and 
Gil (1968) have found that the PAM lies in contact with the 
surfactant lining of the alveoli of rat lungs. Transmission 
electron microscopy of PAMs shows that they have a polymorphous 
and frequently eccentric single nucleus, with a prominent 
nucleolus. Multi-nucleate PAMs are also occasionally observed 
(Mann et a^., 1971). Cytoplasmic organelles include a well 
developed Golgi apparatus and fewer mitochondria (Harris et al., 
1970; Cohen and Clive, 1971; Mann ^  1971; Pratt et al., 
1971). The endoplasmic reticulum is not extensive and is 
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predominently of the rough variety (Harris ^ 1970). Free 
ribosomes and glycogen granules are also present (HarriS/ 1970; 
Mann et 1971). 
2.4 Enzyme make up of alveolar macrophages 
The most straining ultr^structural feature of the PAM is 
an abundance of membrane-bound cytoplasmic inclusions. Acid 
phosphatase has been localized to these organelles in human PAMs 
(Pratt ^  1971) and the inclusions of rabbit PAMs have 
been shown to contain cathepsins (Cohn and Weiner, 1963), lyso-
zyme (Kyrvik ^ 1961; Cohn and Weiner, 1963; Sorber et al., 
1974), ^ -glucuronidase (Cohn and Weiner, 1963; Sorber ^  al., 
1974; Yarborough, 1967; Stossel ^ 1972), |^-galactosidase 
(Yarborough, 1967), aryl sulfatase (Nichols, 1976), acid ribo-
nuclease (Cohn and Weiner, 1963) and phospholipases (Franson 
and Waite, 1973) - enzymes all associated with lysosomes 
(Weissmann, 1967). The hydrolytic enzymes localized in this 
subcellular fraction in resting rabbit PAMs are transferred to 
phagocytic residues during phagocytosis (Cohn and Weiner, 1963; 
Stossel et 1972) and it seems clear that these inclusions 
are primary lysosomes. Superoxide dismutase, the enzyme that 
catalyzes the formation of hydrogen peroxide and molecular oxy-
gen from superoxide anion, is also present in the alveolar mac-
rophage of several species (Zeya and Spitznagel, 1968; Gee and 
Khandwala, 1976; Johnson et _al., 1976). The specific activi-
ties of lysozyme and acid phosphatase (Cohn and Weiner, 1963; 
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Leake aj../ 1964), and p,-glucuronidase (Leake et 1964) 
are substantially higher in alveolar than in peritoneal macro-
phages. 
2.5 Immunological aspects 
AMs haveteceptors for the crystallizable fragment (PC) 
of IgG (Golde e t ^ . , 1974; Reynolds ^ 1975; Daughaday 
and Douglas, 1976). These receptors are important in particle 
attachment and ingestion of PAMs (Mantovani ^  1972; 
Reynolds, 1975; Daughaday and Douglas, 1976; Shurin and Stossel, 
1978). They do not form spontaneous rosettes with untreated 
sheep red cells (Daughaday and Douglas, 1976) or possess recep-
tors for IgM (Reynolds, et _al./ 1975; Daughaday and Douglas, 
1976). The PAM surface membrane receptors are believed to be 
important in the specificity of recognition of certain partic-
les, such as opsomized bacteria. Macrophages are also involved 
in the concentration and processing of antigens for both 
humoral aad cell mediated immune reactions (Schwartz ^  al., 
1970; Pearson and Raffel, 1971; Uranne, 1972). 
2.6 Metabolic support for phagocytosis 
The anaerobic glycolytic activity of macrophages is the 
source of energy for phagocytosis (van Furth, 1970). However, 
PAMs have a greater capacity to oxidize glucose than polymor-
phonuclear leucocytes or peritoneal macrophages (KarnovsHy 
^ 1970) possibly due to better organized mitochondrial 
1 9 
function. The contribution by pentose phosphate pathway 
towards metabolisin is also a possibility, but it is still not 
fully understood (Prinstoo, 1973). Cross ^ (1971) worked 
out the isolation of organelles from macrophages and characte-
+ + +2 
rized them by the membrane associated Na / K , Mg -ATPases. 
This enzyme was suggested as a marker for studying the effects 
of air pollutants. While studying the role of pyroxidative 
metabolism of AMs in phagocytosis. Gee ^ (1971) detec-
ted two H^O^ requiring pathways, one catalase dependent and the 
other NADP dependent cytoplasmic • shunt. Hexose monophosphate-
shunt activity can be demonstrated in phagocytic cells by use 
14 
of labelled glucose substrate. The conversion of (1- C)glu-
cose to '^^ CO^  reflects activity .of the shunt (Katz and Wood, 
1963) and is imarkedly increased during phagocytosis in poly-
morphonuclear leukocytes, circulating monocytes and peritoneal 
macrophages. By contrast, the PAM shows only modest increase 
in the activity of this pathway during phagocytosis (Oren 
et aj.., 1963) . 
Mitochondrial activity of AKs is suggested by studies 
with oxidative phosphorylation capacity, differential action 
BPectra and ATPase activity (Mustafa ^  aJ.., 1971). The regu-
lation of lactate metabolism in macrophage has been studied 
by Tierney (1971) and significant difference with lung cells 
has been observed. The respiratory rate of the PAM is greater 
than that of any other mammalian phagocytic cell studied. 
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During phagocytosis, however, only a minimal increase in oxygen, 
consump-tion occurs. This finding is in contrast with the large 
"respiratory burst" characteristic of polymorphonuclear leuko-
cytes and peritoneal macrophages (Oven _et _al., 1963). Particle 
ingestion by PAMs is diminished in the presence of inhibitor 
of glycolysis (Oven et 1963; Cohen and Clive, 1971), or 
oxidative metabolism (Cohen and Clive, 19 71; Mason ^  1973; 
Cohen and Chovaniec, 1978). Thus, the PAM, in contrast to the 
other phagocytes, depends on both oxidative and glycolytic 
metabolism5during phagocytosis. 
2.7 Cytotoxicity to macrophages 
The roles of alveolar macrophages (AMs) in pulmonary host 
defence are: 
i) to isolate ingested particles by phagocytosis, 
ii) to act as a vehicle for physical transport through the 
lung, and 
iii) to detoxify inhaled and ingested material. 
The process of phagocytosis by alveolar macrophages can be 
divided into three steps, viz. - attachment, ingestion and 
digestion. The result of interaction between macrophage and 
particle varies depending on the physical, chemical and biolo-
gical properties of the particulate and the functional status 
of the macrophage. 
When first deposited on the alveolar surface, the dust 
particles are approached by lung macrophages and short fibres 
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are completely phagocytosed (Davis, 1967). Fibres of asbestos 
much longer than 10 /am in length cai^ot be phagocytosed by 
individual macrophages, but they can become surrounded by 
groups of these cells when asbestos fibres are partially enclo-
sed, that asbestos bodies are forraed. At first the fibres 
become coated with a thick layer of mucopolysaccharide, but 
this later becomes impregnated with ferritin or haemosiderin 
to form the typical brown segmented asbestos body (Davis, 1970), 
For reasons as yet undetermined, however, only a small propor-
tion of long fibres become coated. The actual figure, in some 
cases can be as low as one in 500 fibres over 20/im in length 
(Davis and Gross, 1973). 
Macrophage cultures have been used t.o study the cytoto-
xicity of quartz and asbestos and the ability of certain orga-
nic polymers to counteract its toxicity. All the forms of 
silica are highly cytotoxic to macrophages in culture and fib-
rogenic in experimental animals (Allison et aJ.., 19660. The 
various tests employed to test the cytotoxicity of the dusts 
include the viability test, in which the uptake of acid dyes 
by macrophages is determined, the estimation of lactate dehy-
drogenase activity in the culture fluid and measurement of the 
rate of lactate synthesis by the cells. If a substance exerts 
a toxic effect on a cell, the cell membrane becomes mort? per-
meable so that acid dyes will pass into the cell and enzymes 
are released (Beck, 1968) and decreased metabolism shown by a 
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decrease in the rate of lactate synthesis. Similar results 
have been reported by Beck ^  aJL. (1971) when chrysotile was 
added to monolayer cultures of peritoneal and alveolar macro-
phages. Treatment of chrysotile with acid, which leaves a 
silica surface, results in a product that reduces lactate syn-
thesis, implying toxicity. As one of the tests for macrophage 
function, the production of lysozyme has also been studied 
(Tilkes and Beck, 1982). 
The use of macrophages in _in vitro cytotoxicity studies 
is supported by studies of the toxicity of silicates such as 
quartz, which suggest a strong correlation between the toxicity 
of particles in vitro and their toxicity and fibrogenicity 
in vivo (Reisen and Last, 1979). Interaction of silicic acid 
on the surface of quartz particles with phospholipids of the 
cytoplasmic membranes is a current theory on the mechanism of 
quartz toxicity (Davies and Allison, 1976). The response of 
lung to quartz, administered by intratracheal instillation, 
was investigated using bronchopulmonary lavage which showed 
an increased population of the number of free cells comprising 
chiefly the macrophages (Morgan 1980; Sykes, 1982). 
The study shows that the recovery of polymorphonuclear monocy-
tes is the most sensitive indicator of early damage to the lung. 
Types of cells recovered by pulmonary lavage from the silicotic 
lung mirror the inflammatory reaction in the pulmonary paren-
chyma and that the function of some alveolar macrophages in 
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the silicotic lung is impaired (Dauber ^  aJ.., 1982) • Some AMs 
from silicotic rats appear to be injured, since they have fra-
gile cell membranes (Miller and Kagan, 1977) . 
At the cellular level^ asbestos fibers are handled basi-
cally in much the same way as crystalline particles of quartz, 
if they reach the alveoli and if the fibers are not too long, 
they are phagocytised by the AMs. Of greater importance at 
the practical level, however, is the wide range of cytotoxicity 
and consequent fibrogenicity exhibited by the varieties of 
asbestos mined in different parts of the world (Wyatt, 1971). 
Canadian chrysotile is most toxic to macrophages, followed by 
South African crocidolite, amosite and anthophyllite (Allison, 
1971; Miller and Harington, 1972). 
A somewhat similar report has been given by Kaw and 
Zaidi (1975) in which they have tested the toxicity of several 
varieties of asbestos to alveolar and peritoneal macrophages. 
The chrysotile has been found to be most cytotoxic _in vitro. 
Phagocytosis of asbestos fibers by AMs induced the extracellu-
lar release of enzymes(Jaurand et al., 1980). AMs of these 
subjects have greater LDH and N-acetyl-D-glucosaminidase acti-
vities, while Parazzi et (1968) have reported the release 
of aldolase also from _in vitro action of silica to peritoneal 
guinea pig macrophage. Considerable variations in the number 
of AMs, macrophage morphology and lysosomal enzyme levels in 
the chrysotile induced asbestotic rats have been reported 
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(Tetley ^  1976). Similar results with volcanic ash have 
been reported by Beck ^ (1981) . 
Munder et ^ .(1966) have found a considerable increase 
in the concentration of lysolecithin as compared to lecithin, 
in macrophages damaged by quartz. This could follow activa-
tion of the enzyme phospholipase-A, which catalyses the reac-
tion lecithin - — ^ lysolecithin and which is known to be a lyso-
somal enzyme- Miller and Harington (1972) have reported a 
decrease in total lipid content and an increase in lysolecithin 
in vitro in asbestos treated hamster peritoneal macrophages. 
Regarding the mechanism of cytotoxicity of silica par-
ticles to macrophages/ Allison et aJ.. (1966) have concluded 
by 
that they are toxic because they are efficiently taken up/mac-
rophages and can then react relatively rapidly with the membra-
nes surrounding the secondary lysosomes. The particles and 
hydrolytic enzymes can then escape into the cytoplasm, produ-
cing general damage, and thence into the culture medium. The 
toxicity of the silica particles released from the lysosomes 
and ultimately discharged from the dead macrophages is unalte-
red, a finding that accounts for the repeated cycles of phago-
cytosis, macrophage killing and release of free silica that 
characterize industrial silicosis. The continuing release of 
silica into the air sacs also increases the likelihood of 
penetration of the air-blood barrier by particles in the free 
state. Klosterkotter and Gono (1971) have shown, for instance. 
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•that inhaled quartz dust, contrary to inert dust, migrates in 
considerable quantity to the extrapulmonary mediastinal lymph 
nodes. 
The mechanism of silica induced injury to cell membranes 
is not known. Nash et ad. (l966) relate the altered membrane 
permeability to the capacity of polymeric silicic acid and to 
act as a hydrogen donor in the formation of hydrogen bonded 
complexes with active groups of phospholipids and proteins in 
the membrane. Blockage of cytotoxicity by PVPNO and related 
compounds is then explained as a preferential hydrogen bonding 
of these agents with the silicic acid. 
The repeated cycles of macrophages killing vivo thus, 
leads to the mobilization of fibroblasts and fibrogenesis cha-
racterizing the disease silicosis. The fibrogenic potential 
of a particular dust corresponds closely to its cytotoxicity 
in vitro, and it has been proposed by Heppleston (1971) that 
dying macrophage releases a factor which stimulates the produc-
tion of fibrous tissue. Heppleston and Styles (1967) found 
that an extract of peritoneal macrophages incubated with crys-
talline silica stimulated the production of hydroxyproline by 
chick fibroblasts. This stimulation appeared to be due to a 
specific product of the macrophage-silica interaction. 
Although the proposed sequence from phagocytosis through 
destruction of the macrophage to the active production of 
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collagen offers a reasonable model for "the developmen-t of sili-
cosis in vivo, it is apparent that other, as yet undetermined, 
factors are involved. Heppleston and his colleagues have shown 
that in specific pathogen free rats even prolonged exposure to 
silica fails to produce the nodular fibrous lesions that chara-
cterize experimental and natural silicosis (Heppleston, 1967; 
Heppleston and Young, 1972). In these animals,'although AMs 
are prominent in the earlier stages of the experimental disease, 
fibrogenesis is in some way inhibited; instead a massive effu-
sion of lipoprotein and cellular debris fills the air sacs, a 
condition that is morphologically indistinguisable from a 
human pulmonary reaction of unknown etiology that has been 
labelled alveolar proteinosis or lipoproteinosis (Rosen et al., 
1958; Kuhn et 1966; Ramirez and Harlan, 1968). 
While it is relatively easy to establish a pivotal role 
for the macrophage in the initiation of the silicotic process, 
the relationship of these early events to subsequent fibroge-
nesis is most difficult to unravel- Vigliani and Pernis (1963) 
suggested that destruction of macrophages is an essential pre-
cursor to the induction of an auto-immune reaction, but there 
is no convincing evidence that silica is directly involved in 
cellular and humoral immune reactions (Allison aj.., 1966). 
It seems more likely that the immunological changes that may 
be associated with established silicotic lesions are secondary 
manifestations related to tissue destruction or superimposed 
infections (Allison et al., 1966; Heppleston, 1969). 
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The possibility that immunological factors could be 
involved in the pathogenesis of asbestosis and silicosis was 
investigated by Miller (1979) in dust-exposed rats. Early 
changes induced alterations of surface morphology of the macro-
phages and an increased number of IgG receptor sites. T^ vivo 
membrane deposition of complement components on asbestos macro-
phages from crocidolite-dusted rats was demonstrated. When 
•jcve. to'fv C macrophages from crocidolite-dusted rats/cultured _in vitro 
with splenic lymphocytes, a prolonged physical interaction 
occurred followed by lymphocyte proliferation. Dusted macro-
phages apparently participate in both cell-mediated and humoral 
interactions/ and host factors evidently contribute to the 
development of dust diseases. 
2.8 Present statiis of knowledge regarding macrophage bioche-
mistry 
Inspite of the large amount of data available, still 
there are many areas of lacunae in the understanding of macro-
phage biochemistry. The capacity of these cells to replicate, 
transcribe and translate genetic inheritance and the changes 
undergone during development and differentiation are not clear. 
There are evidences for the capability of macromolecular syn-
thesis in macrophages even though the picture is not fully 
clear. Similarly, the organized functioning of mitochondria, 
in a way comparable to that of hepatocytes or other aerobic 
cells is not yet clear. Aspects such as regulation of meta-
bolism, especially under stre3S are also incompletely 
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understood. 
Regarding dust and macrophages also there are uncertain-
ties about any viable correlation between J^ vitro and vivo 
toxicity. Since most of the ej<periments were conducted 
in vitro, it is difficult to conclude about conditions in in 
vivo toxicity. In a preliminary experiment from this labora-
tory, Beg ^ (1977), observed changes in the alveolar 
lavage, both in the cellular and acellular fractions, as a 
result of asbestos exposure. Another unanswered problem is the 
influence of dusts on plasma membrane and internal membrane 
of macrophages, the mechanism of dust interaction involved and 
the consequent effects on the organism. Whether both plasma 
and phagolysosomal membranes are damaged, and if so, in what 
sequence,is an interesting question. Similarly, membrane 
damage as a result of specific interaction of dust constituents 
with membrane receptors is a possibility. Some of these points 
are taken up for study by the author and biochemical aspects 
of dust membrane interaction reviewed below. 
3. BI0MEMBRANE5 AND DUSTS 
Life is an orderly self regulated functioning of struc-
tural and relative constituents organised in an efficient spe-
cific manner. In this functional organization, biomembranes 
form the chief molecular architecture (Singer and Nicolson, 
1972) be it influx or efflux of molecules, energy production. 
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protein synthesis, detoxification of xenCbiotics and/or even-
tual self-destruction. In response to stress by environmental 
xenobiotics, it is their restricted, regulated or modified 
entry across biological membranes that precipitate selective 
target toxic effects (Viswanathan et a_l.,1981) (Fig. 3). The 
membrane may be able to defend or undergo onlji reversible 
changes leading to negligible effects. But when membrane 
yields in, a cascade of biochemical changes are triggered 
leading to toxic conditions as in the case of asbestosis 
(Rahman et al., 1977). Since this is the phenomenon responsi-
ble at least partially for cytotoxicity of dusts to macropha-
ges, some of the aspects involved in dust-membrane interactions 
are reviewed below. 
3.1 Phaqolysosomal membrane 
In recent years, considerable literature has appeared on 
the effects of various silicate dusts on membranes. Quartz is 
a highly fibrogenic dust and also very cytotoxic to the macro-
phages (Marks, 1957; Vigliani ^ 1961; Harington, 1963; 
Burrell and Anderson, 1973; Allison, 1977). The cytotoxicity 
of silica is mostly due to its capacity to interact with and 
thereby alter permeability of membranes either of the cell or 
the secondary lysosomes (Allison^ 1966). The phagocy-
tosis of dusts and the ensuing cytotoxicity have been well stu-
died in relation to the biological effect of various dusts 
(Allison, 1971, 1973). Though the cytotoxicity of asbestos 
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is well established, its exact relation to fibrosis and other 
conditions in asbestosis is still a matter of speculation 
(Harington et aj.., 1975). Harington (1974) considered that the 
basic process of fibrogenesis by silica and asbestos to be 
similar and has reviewed these aspects in detail. However, 
the mechanism by which asbestos reacts with the phagosomal mem-
brane, seemed different as to that of silica, in view of possi-
ble involvement of magnesium and sialic acid. The biochemical 
aspects of membrane damage in relation to fibrosis were stu-
died by Chvapil (1974) and the likely role of metals is empha-
sized. The abolition of cytotoxicity of asbestos by carboxy-
methylcellulose (Kaw and Zaidi, 1975) and chelating agents 
indicates direct interaction of the dust components with those 
of membranes. PVPNO which protected against silica lysis was 
of 
ineffi^ctive in the Gscue/ asbestos. 
Studies on the biochemical interrelationship between 
cellular and acellular fractions of the pulmonary lavage from 
control and asbestos-treated guinea pigs w€v«. conducted by Beg 
et al. (1977). The release of acid phosphatase from the cellu-
lar fraction was apparently indicative of vivo cytoxicity 
and membrane damage and may be related to the increase in acid 
phosphatase in seriim in workers suffering from asbestosis 
(Mavratil, 1970). These studies may be helpful in the inves-
tigation of biochemistry of asbestosis. 
3 2 
3.2 Erythrocyte plasma membrane 
As in the case of phagosomal membrane, plasma membrane 
of erythrocyte is also damaged by the noxious dusts (Kacnab 
and Harington, 1967; Secchi and Rezzonico, 1968; Schnitzer and 
Pundsack, 1970; Desai 1975). Harington et (1975) 
have reviewed the direct hemolytic effect and the indirect 
effect through the sensitization of complement of asbestos and 
the inhibition as well as mechanism involved, Sialoglycopro-
teins seem to be the likely loci involved, and magnesium a 
causative factor. Prom the biochemical point of view, the 
observation of Secchi and Rezzonico (1968) that red cell mem-
brane bound acetylcholine esterase is adsorbed on asbestos 
more effectively than the soluble LDH suggests a direct inte-
raction with membranes» Since the hemolytic activity of asb-
estos is reduced by adsorption of polyanions, it is likely 
that the action of cations on sialoglycoproteins is likely to 
be involved in hemolysis (Schnitzer, 1974; Harington et al., 
1975). More direct evidence comes from the observation of a 
qualitative relation between hemolysis and solubility of sili-
cic acid and cations from asbestos and other silicates (Rahman 
et al., 1974b; Singh ^ aJ.., 1982). The relative hemolytic 
activity of various silicates showed that chrysotile which was 
the most soluble caused the maximum hemolysis. Chemical treat-
ment which altered solubility also affected hemolysis. Simi-
larly, phosphate which decreased the solubility of asbestos 
3 3 
inhibited hemolysis (Morgan and Holmes, 1969), Hayashi (1974) 
has shown that on heating chrysotile at different temperatures, 
hemolysis, cytotoxicity, and dissolution of silica and magne-
sium afo all affected to suggest an inter-relationship. More 
recently, Jaurand ^ (1979) have shown that hemolysis by 
asbestos fibers results from an increase in membrane permeabi-
lity and not from rupture of red blood cells. The effect of 
chrysotile asbestos on RBC is at least partly, attributable to 
lipid interaction and adsorption on to the fibers. Preincx±)a-
tion of chrysotile with lipids, either as RBC meirbrane or with 
pure lipids in the form of liposomes, prevents hemolysis. It 
has been suggested that these membrane effects of chrysotile 
asbestos may have relevance to the mechanism of its carcinoge-
nicity (Shabad ^ 1974). 
3.3 Intracellular organelles 
In addition to external membranes of specialised cells, 
those of intracellular organelles are also affected by various 
dusts. Silica has been found to damage the lysosomal membranes 
and as a result hydrolytic enzymes are released (Allison et al., 
196@). Smith and Davis,(1972) and Allison (1973) suggested 
the likely involvement of lysosomes in the biological effect 
of asbestos. Raj an and Evans (1973) showed that crocidolite 
caused an enhanced release of lysosomal enzymes from human 
embryonic lung cells in culture. As asbestosis progressed, 
acid phosphatase, ribonuclease, deoxyribonuclease, and 
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cathepsin were found to be released from the membrane-bound 
latent state to an active form. This was manifested as an inc-
rease in free activity of the enzymes in the whole homogenate 
and a decrease in their activation on detergent treatment 
tviswanathan ^ 1973). The release of lysosomal enzymes 
has also been reported by various workers with different dust 
samples ( T e t l e y ^ ^ . , 1976; Holusa, 1980; Beck, 1981). The 
release of thq-fiydrolytic enzymes ij} vivo could explain the des-
truction of functional and structural components of lung cells. 
Peroxisomes also behaved in a similar fashion and appear to be 
another target organelle of asbestosis. In case of asbestotic 
rats such a possibility also exists since the free acid phospha-
tase activity of mitochondrial supernatant was higher in the 
experimental animals than in the 
/Controls (Rahman et al., 1975c). 
Preincubation of the homogenate ivtth polyvinylpyrroli-
done accorded protection to the enzymes from the effects of 
silicic acid (Rahman et al., 1976a), Thus, a direct combina-
tion of silicic acid with membranes appears to be responsible 
for the toxic effect. This was further substantiated by the 
observation that after incubating lung homogenate with silicic 
acid, silica could be detected in the washed TCA precipitate 
both 
in organic solvent—soluble and insoluble fractions(Misra, 
1976) . 
Rahman et (19 77) have shown that mitochondria are 
one of the prime targets of asbestosis, and on this basis 
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some of the events in asbestosis could be explained. Besides 
enzymatic changes, morphological changes also take place as 
evident from the swollen state of mitochondria in asbestosis 
(Rahman ^ 1976b). An increase in glucose-6-phosphatase 
activity was also observed, probably, due to proliferation of 
endoplasmic reticulum in asbestotic lung. 
The effect of asbestos on benzo(a)pyrene uptake by micro-
somal membranes and lipid micelles was investigated (Kandaswami 
and O'Brien, 1980). Asbestos mediates a rapid transport of the 
carcinogen into the membrane and impairs ben2o(a)pyrene meta-
bolism in rabbit and rat liver microsomes by markedly inhibi-
ting aryl hydrocarbon hydroxylase. 
3.4 Mechanism of membrane damage 
Early theories of tae action of silica included the 
"Soliibility theory" postulated by Kettle (1926). It was consi-
dered that the free silica, which gradually passes into solu-
tion in tissue fluids, produced silicic acid whiol^as the fib-
rogenic agent. This theory was discarded when it clear 
that fibrogenic potential of different forms of free silica 
bore little relationship to differences in solubility (Brieger 
and Gross, 1967), and when Curran and Rowsell (1958) demonstra-
ted that silica, enclosed in a semipermeable diffusion chamber 
implanted in the peritoneal cavity of mice, did not result in 
fibrosis - inspite of the fact that silicic acid was able to 
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diffuse freely out of the cbairiber. This finding lend support 
to the theories that a silica-cell interaction was required for 
the fibrogenic effect. Current concepts of silica toxicity 
have arisen from a better understanding of the interaction of 
silica with the macrophage, information mainly derived from 
in vitro experiments. 
Silica particles have been shown to have two types of 
cytotoxic effects on macrophages: 
i) a rapid cytotoxicity, which is produced by relatively 
large amounts of silica added to a serum-free culture, 
and 
ii) a delayed cytotoxicity observed in serum-containing 
macrophage cultures using moderate doses of silica 
(Allison, 1977). Both varieties result from the interaction 
of the particles with membranes. 
Early cytotoxicity occurs when silica interacts with 
the plasma membrane, resulting in increase in permeability, 
release of both lysosomal and cytoplasmic enzymes into the 
medium and signs of cell death within an hour of exposure to 
silica. This is the same mechanism by which silica produces 
hemolysis, and can be inhibited by coating the silica particles 
with phosphatidylcholine or protein, or by the presence of 
poly-2-vinyl-pyridine-N-oxide (PVPNO) (Allison, 1977). 
Delayed cytotoxicity occurs 2-6 hours after the particles 
coated with protein are ingested by the macrophages. Lysosomes 
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surround the phagosome containing silica, fuse with it and rel-
ease their enzymes into it (Allison et 1966). These dep-
lete the protein coat, exposing the silica surface, which can 
then interact with the lysosomal membrane. Increased permeabi-
lity of the lysosomal merrtorane ensues and lysosomal enzymes 
leak into the cytoplasm, as has been shown by histochemical 
stains (Allison ^  1966). 
A more comprehensive review of the mechanisms by which 
silica damages cell membranes has been suggested by Allison 
(1977). Additional information has come from the work of 
Depasse (1980) who demonstrated an interaction of the 
groups of membranes and the surface of silica, and from that 
of Gabor et ad. (1980), who presented support for the lipopero-
xidase hypothesis of silica effect on cell membranes. Accor-
ding to the latter theory silica enhances lipid peroxidation in 
cell membranes, and macrophages isolated from quartz-treated 
guinea pkgs show higher levels. It was found that ©(^-tocopherol 
(Vitamin E) treatment of experimental animals receiving quartz 
significantly moderated the fibrotic response. This was asso-
ciated with a parallel decrease of lipid peroxides and hydroxy-
proline in the lungs. This protective effect was thought to be 
due to the antioxidant effect of «<:-tocopheKol. 
The mechanism of interaction of asbestos with cytoplasmic 
and lysosomal membranes is different from that of silica 
(Richards and Wusteman, 1974; Allison, 1977) and is thought to 
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be the result of surface t^ g groups on the fibers which interact 
electrostatically with sialic acid groups on glycoproteins in 
the membrane. These glycoproteins, which are usually able to 
migrate within the membrane, are immobilized in the area of 
contact with the fiber. This aggregation of proteins forms 
ion-conducting channels which permit the efflux of potassium and 
influx of sodium ions and water, resulting in osmotic lysis of 
cell. This theory is supported by the observation that prior 
treatment of the cell meirbranes with neuraminidase, which remo-
ves sialic acid residues, or treatment of asbestos with agents 
which preferentially chelate Mg, inhibits hemolysis (Harington 
et al., 1971). There is still some doubt, however, as to whe-
ther surface Mg ions are the correct explanation for the obser-
ved effect of asbestos. An alternative being the surface charge 
(Zeta potential) which is the result of several components of 
the fiber. Dispersion of fiber in water containing the surface-
active agents such as acid, and coating the fibers with the 
lung surfactant component dipalmitoyl lecithin, affects this 
potential. Light and Wei (1980) demonstrated a close correla-
tion between the zeta potentials of several asbestos types and 
their vitro hemolytic activity. In a third area of research 
on asbestos-cell membrane interactions, the observation has been 
made that following asbestos exposure, changes in membrane gly-
colipids and glycoproteins occur (Newman 1980). since 
these effects are not immediate but occur several hours after 
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exposure to asbestos, they are probably the result of an inhi-
bition of the metabolism of these compounds. The glycolipid 
changes, which included a decrease in longer and a concomitant 
increase in shorter glycolipids, were different for the three 
types of asbestos tested, and correlated with the relative 
cytotoxicity of the different types, 
3.5 Some perspective in dust membrane interaction 
From the angle of modern concepts regarding biomembrane, 
several questions are open regarding dust effects. The respec-
tive data for Si02 and metal silicates, clearly suggest two 
sites, one involving quarternary N possibly of phospholipids 
and Si being the reactive factor, prevented by PVPNO and un-
affected by metals and the other through sialoglycoproteins 
caused by metals, prevented by chelating agents and not by 
PVPNO, If this is the case, what are the two sites in terms 
of membrane architecture and what are the mechanisms involved, 
are not fully understood. Whether disruption is complete or 
partial or result only in an altered permeability, also has to 
be answered from the study of the sequence of release of intra-
cellular components, transport carriers and characterization 
of residual membranes. Even though there is considerable 
evidence for lipid peroxidation, how far free radicals are 
responsible in membrane damaging effects is .unanswered. 
Likewise, whether peroxidation precedes, accompanies or follows 
damage is not understood. Further, the protective role of 
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pulmonary surfactant, if any,against damage and the overall 
macrophage response is unveiled. Surfactant interaction in 
relation to dust toxicity needs more detailed study. On the 
whole, biomerribrane biochemistry is an important area to be 
developed in relation to dust toxicity. 
4. PULMONARY SURFACTANT AND DUSTS 
Lung is an important organ through which man is exposed 
to the environment. Besides well organized airways, blood 
vesselsjlymphatic channels, and millions of free cells, it also 
contains a complex material protecting its vast interior sur-
face area, called pulmonary surfactant. The surfactant acts 
as interface between the gaseous environment and the lung tissue 
and significantly contributes to the mechanical properties of 
the lung. It also prevents alveolar collapse at expiration by 
maintaining stability of zne alveolar spaces and retaining the 
physical elasticity of the lungs to air (Tierney, 1974; King, 
1974; Goerke, 1974). Therefore, any change in the composition 
of alveolar lining materials may produce severe respiratory 
disorders. 
4,1 Composition of pulmonary surfactant 
The surfactant material can be isolated from the lung by 
endobronchial lavage technique (Brain, 1970; Tetley et al., 
1976) after removal of intraalveolar free cells (Brown, 1964; 
King and Clements, 1972; Toshima and Akino, 1972; King, 1974), 
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The surface active material contains 80-90% lipids and 10-20% 
proteins, together with a very small amount of carbohydrate 
(Goerke, 1974; King, 1974; Harwood et al., 1975). .The lipid 
moiety is primarily composed of dipalmito'ylphosphatidyl choline 
(DPPC) possessing palmitate molecules at the 1- and 2-positions 
(Brown, 1964; King and Clements, 1972; Tierney, 1974) (Pig. 4). 
The DPPC representing one half of the total surfactant, is 
generally believed to regulate surface tension of the air-liquid 
interface in the alveolar space. Therefore, the main concejcn 
in the study of lung phospholipid metabolism has been directed 
towards the elucidation of biosynthetic mechanisms of DPPC 
(Van Golde, 1976; Frosolono, 1977; Ohno et al., 1978; Akino and 
Ohno, 1981) , 
4.2 Synthesis 
Pulmonary surfactant is synthesized by the alveolar type 
II cells of the lung (Chevalier and Collet, 1972; Massaro and 
Massaro, 1972; Meyrick and Reid, 1973; Goerke, 1974; King, 1974; 
Synder and Melono,1975; Doughlas and Teel, 1976; Van Golde, 1976? 
Batenburg and Van Golde, 1979; Dobbs et al., 1982). Evidence 
accumulating from morphological (Hoffman, 1972), biochemical 
(Batenburg and Van Golde, 1979), physiological (Scapelli, 1968) 
and clinical (Avery and Mead, 1959) studies support the concept 
that the type II cell is a primary site of surfactant phospho-
lipid metabolism in the lung tissue, though this cell type 
comprises only about 10% of the total lung weight (Sjostrand 
and Sjostrand, 1938) . Upon synthesis in type II cells surfactant 
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is stored in their lamellar bodies, and subsequently secreted 
into the alveolar space. Radioautographic studies at the light 
and electron microscopic levels along with some biochemical 
analysis showed that most of the radioactivity taken up by lung 
was localized in type II cells and that radioactive precursors 
acetate (Buckingham et aj.., 1966), palmitate (Darrah 
and Hedley-Whyte, 1973; Askin and Kuhn, 1971), [^hJ glycerol 
(Faulkner, 1969) and (^ h^] choline (Chevalier and Collet, 1972; 
Frasca, 1977) were rapidly converted to phospholipids, espe-
cially PC. Because of the heterogeneity, biochemical studies 
using lung silices, perfused lung, whole lung homogenate or its 
subcellular fractions provide information about cumulative res-
ponse without any specific information concerning surfactant 
lipids- However, a more accurate understanding of the synthesis 
of surfactant lipids may be obtained from the studies using iso-
lated type II cells. 
In order to supply sufficient amounts of palmitate to 
DPPC synthesis, the lung tissue actively takes up palmitate from 
circulation (Thomas and Rhoades, 1970; Pawlowski jet aj.., 1971; 
Young and Tierney, 1972; Moriya and Kanoh, 1974; Jobe, 1979) 
and also synthesizes palmitate endogenously ^ novo (Popjak 
and Beeckmans, 1950; Tombropoulos, 1964; Chide and Adams, 1967; 
Scholz and Rhoades, 1971; Wang and Meng, 1974). Lung slice 
experiments acetate showed that palmitate and myt-
istate accounted for 87% and 12% respectively, of the radioac-
tivity incorporated into PC (Chida and Adams, 1967). The major 
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product of the ^ novo synthesis of fatty acid from acetate 
appeared to be palmitate. This process including acetyl CoA 
carboxylase and fatty acid synthetase, proceeds in the lung 
cytosol (Schiller and Bensch, 1971). Recently, synthesis of 
DPPC in the isolat«a^erfused rat lung has been studied using 
radiolabelled glucose and palmitate (Engle et 1980). The 
results indicate that palmitate of DPPC is derived to a greater 
extent from the ^ novo synthesized pool of palmitate than from 
exogenous palmitate and that DPPC synthesis involves a 'remode-
lling' mechanism. It has been demonstrated that fatty acids 
needed by the type II cells for surfactant lipid synthesis can 
also .be synthesized _in situ (Batenburg et a^., 1978; Smith and 
Kikkawa, 1978; Dobbs ^ Ji'/ 1980) and it has also been shown 
that the fatty acids are readily incorporated into the surfac~ 
tant phospholipids (Batenburg ^ aj;., 1978; Smith and Kikkawa, 
1979) . 
4.3 Pulmonary surfactant in pathological conditions 
The interest in the study of surfactant and in lung physio-
logy and pathology has gained momentum in recent times. Avery 
and Mead (1959) first demonstrated that lungs from infants dying 
of the hyaline membrane disease or idiopathic respiratory dis-
tress syndrome, as well as from immature newborns, in general, 
were deficient in pulmonary surfactant - a finding which was 
later confirmed by a number of such reports (Pattle, 1955; 
Adams, 19 70; Boughton, 197 0). The oxygen requirement of the 
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foetus is met by maternal blood, but after birth in order to 
maintain gaseous exchange, alveolar sacs have to open and close. 
In the absence of surfactant lining, this becomes difficult 
causing respiratory distress. Recently, an important observa-
tion towards the diagnosis of this disease has been made by 
means of aminocentosis followed by lipid analysis (Gluck et al., 
1971, 1973), and has proven very useful for predicting with 
certainty the maturity or immaturity of the fetal lung. This 
test depends on evidence of surfactant materials (phospholipids) 
secreted from the lung into amniotic fluid (Adams ^  1963; 
Biezenski, 1968), which tends to increase in concentration 
with advancing gestation. It is based on the fact that the PC 
content in amniotic fluid from mothers whose infants developed 
respiratory distress syndrome decreased significantly as 
compared to the controls (Graven, 1968; Nelson, 1969). The 
pioneering work of Gluck _et . (1971, 1973) and many others 
(Nakamura et ad.., 1972; Verder and Clausen, 1974) on this 
subject indicated that the respiratory distress syndrome can be 
diagnosed by measuring lecithin/sphingomyelin ratio in amnio-
tic fluid. However, in addition to lecithin/sphingomyelin 
ratio, the importance of phosphatidyIglycerol appearance of 
amniotic fluid as the signal of the late maturation of pulmo-
nary surfactant has also been reported (Kulovich and Gluck, 
1979) . 
Pulmonary alveolar proteinosis is another disease which 
is characterized by abnormal accumulation of proteins and 
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lipids in the alveolar spaces (Rosen et i_al./ 1958; Ramirez and 
Harlan, 1968). Patients suffering from this disease have been 
reported to have•large amounts of lipids^ the major part of 
which is dipalmitoyl lecithin, in their lavage fluid (Ramirez 
and Harlan, 1968; 1976). However, Ramirez and 
Harlon (1968) reported that there was no enhancement of lipid 
synthesis in the lung tissue of pulmonary alveolar proteinosis, 
but that the removal or degradation of alveolar phospholipids 
is impaired, ^t may be pointed out that the functional status 
of pulmonary surfactant in health and disease is poorly under-
stood with the only exception of the case of hyaline membrane 
disease. 
4.4 Dust-induced, alterations 
It is generally accepted that silica causes pulmonary 
fibrosis as its essential Diological response (Vigliani and 
Pernis, 1958). It is also known that intratracheal injection 
or inhalation of silica, usually in the physical form of quartz, 
to experimental animals induces marked changes in the lung 
lipids. Fallon (193 7) detected an increase in total lipids and 
crude phospholipids as a result of silica exposure, whilst 
Marks and Marasas (i96 0) added that the lecithin and choles-
terol (total and free) contents of the lung were elevated in 
parallel with the rise in absolute amount of collagen, similar 
findings were later reported by Kaw et (1971), Heppleston 
et (1972) and Grunspan ^ jU.. (19 73) also found that expo-
4 7 
sure of rats to the fibrogenic agent, leads to pronounced rise 
in total phospholipid and particularly in the phosphatidylcho-
line. However, studies in the chronic inhalation of silica 
indicated the development of alveolar lipoproteinosis (Hepples-
ton et al., 1970) and EM studies revealed that much of the 
intraalveolar phospholipid existed in a liquid crystalline 
phase (Heppleston and Young, 1972). Heppleston et al. (1974) 
suggested that the accumulation of dipalmitoyl phosphatidyl-
choline (DPPC) in the lung may be explained as an imbalance 
between formation and removal, though both are augmented. The 
alveolar macrophages contain phospholipases (Franson ^  al., 
1973; Franson and Waite, 1973) which could assist in degrada-
tion of ingested surfactant. Munder and Lebert (19 77) shov/ed 
that quartz augmented the degradation of phospholipids by 
macrophages as a result of enhanced activity of phospholipase 
A and also of increased lipolytic activity as the cells succumb. 
More recently, Heppleston (1982) attempted to correlate the 
excess production of surfactant with lung fibrosis as a result 
of quartz exposure. The inter-relationship of lipidosis appa-
rently revolved around the rate at which quartz particles 
reach the lung. When larger quantities are deposited in a com-
paratively short period lipidosis predominates, whereas the slow 
arrival of matter amounts affords the opportunity for fibrosis 
in the form of cellular nodules. In the former case quartz 
particles soon become isolated from macrophages by the rapid 
4 8 
accumulation of lipid, so preventing the reaction which leads 
to formation of the factor responsible for fibrogenesis, whilst 
under the latfei^  conditions, the opportunity of quartz macro-
phage contact is better preserved. Surfactant may, however, 
protect macrophages from the toxic effect of silica (Hunder and 
Lebert, 1977). Desai ^ al. (1975) suggested that binding of 
surfactant material to asbestos dusts (particularly chrysotile) 
prevents hemolysis. This finding has also been supported by 
Jaurand ^ (1979). 
Tetley _et (1976, 1977) showed that asbestos dust, 
like silica, would also give rise to a considerable increase 
in the amounts of pulmonary surfactant and more precisely DPPC. 
It is suggested that the increase in surfactant amounts could 
be due to an increase in its synthesis without a corresponding 
alteration in degradation. 
Inspite of the above lines of evidence of the involvement 
of surfactant system in dust toxicity, many aspects of the 
problem are not clear. How far surfactant turn over is altered 
by the cytotoxic process remains an important area of study. 
Similarly, any effect of surfactant on membrane effects of dust 
also remains to be understood. Such studies may help to under-
stand the biochemical basis of surfactant physiology in dust 
diseases. 
5. CONCLUDING REMARKS 
In view of the above significance of macrophage response. 
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biomeiTibrane involvement and surfactant changes in dust toxicity, 
in the initial phase of toxicological evaluation of slate dust 
from Mandsaur, these aspects were taken up for the experimental 
study by the author, as presented in the sxjbsequent sections. 
CHAPTER I 
EARLY BIOCHEMICAL RESPONSE OF SLATE DUST ON LUNG 
LAVAGE AND BLOOD OF RATS 
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INTRODUCTIQISl 
The toxic effects of chronic inhalation of slate dusti by 
workers engaged in mining and pencil making have received con-
siderable concern. However, the experimental studies are 
essential to establish the cause of toxicity, the pathogenic 
changes and the evaluation of the toxicity. Since hitherto no 
experimental study has been conducted, a suitable experimental 
model for the disease has to be developed. The early responses 
as studied in rats help to evaluate the toxicity of slate dust 
as well as to understand the initiation of the toxic process. 
The role of alveolar macrophages, the wandering cells of 
the lung lavage, as the first line of body's defence against 
air-borne particulates leading to the toxic effects (Moores 
et al., 1979; Begin ^ 1981) has been reviewed in the pre-
vious section of this dissertation. An increase in the number 
of macrophages following constant exposure to mineral particles 
is generally accepted as an important primary event in dust 
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toxicity. Changes induced in these cells lead to the develop-
ment of fibrosis and the other symptoms of toxicity (Heppleston, 
1969; Burrell and Anderson, 1973; Killer, 19 7S). The plasma 
membranes of macrophages are damaged by cytotoxic dusts 
vitro and in vivo (Beck, 1977; Beg et 1977; Admis and 
Timar, 1978; Jaurand 1982). Alterations in the acti-
vities of lysosomal enzymes (Miller and Harington, 1972; Davies 
^ aJ.., 1974) and release of acid phosphatase into the acellu— 
lar fraction of lung lavage fluid, of asbestotic lungs (Beg 
^ al., 1977) has also ;been reported. 
The importance of biochemical studies in understanding 
the mechanism of dust toxicity is evident from the integrated 
biochemical model as suggested by Rahman _et aJ-. (1977). Bio-
chemical studies have revealed that cytotoxic dusts cause an 
enhanced turnover of pulmonary surfactant (Heppleston et al., 
1974; Wallace et ad., 1975). The physiological implications of 
elevated amoutt of pulmonary surfactant require elucidation 
although excessive lipoprotein-rich material accumulation may 
well be linked to the lung "storage disease" induced by bento-
nite (Timar et aJ.., 1966) or the "alveolar proteinosis" repor-
ted in rats following quartz inhalation (Heppleston, 1967)., 
Therefore, in vivo effects of slate dust on pulmonary surfactant 
levels were monitored and in addition slate-induced changes in 
the free cell population, acid phosphatase activity and sialic 
acid level in the bronchoalveolar lavage of rats at different 
period of exposure were assessed. 
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Cytotoxicity studies on dusts are usually accompanied by 
experiments to assess their hemolytic potency, in order to 
understand plasma membrane involvement (Macnab and Harington, 
1967; Desai et 1975), The hemolytic effect of slate dust 
in vitro has already been described (Singh et 1982). How 
far the in vitro cytotoxic effect of the dust is reflected 
in vivo is notknown. Therefore, in the present study, a few 
blood parameters from slate-treated rats were also mapped to 
assess the vivo cytotoxic effects of the dust. 
MATERIALS AND METHODS 
Dust 
Slate dust collected from the endemic slate fexposure 
areas of Mandsaur was a gift from Mr M.M. Lai and Dr S.K. 
Bhargava of the Environmental Monitoring Laboratory of this 
Research Centre. The chemical composition and particle size 
distribution of the dust is given in Tables 1.1, and 1,2. 
Dust with particle size below 5 p. was prepared according to 
the procedure described by Zaidi (1969). 
Chemicals 
/3-glycerophosphate was procured from Koch Light Labora-
tories Ltd., U.K., sialic acid from Sigma Chemical Co., U.S.A. 
and NADP and glucose-6-phosphate from Sisco Research Labora-
tories, India. All other chemicals used throughout the study 
were either from BDH, Anal R or E. Merck extrapure. 
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Table 1.1 
Chemical composition of slate dust* 
Constituents Concentration 
K 0.70% 
Ti 0.65% 
Fe 3.40% 
Si 45.8(% 
Rb 16 0 ppm 
Sr 70 ppm 
zr 190 ppm 
Mb 10 ppm 
Ba 950 ppm 
La 40 ppm 
Ce 105 ppm 
techniques at Bhabha Atomic Research Centre, Bombay, 
India, 
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Table 1.2 
Particle size distribution of slate dust* (by volume) 
Cha-
nnel 
No. 
Size range 
(/i) 
Distri-
bution 
(%) 
Channel 
No. 
Size range 
(/i) 
Distributin {%) 
1 < 1.61 0.1 9 10.22-12.88 9.1 
2 2.03-2.56 0.2 10 12.88-16.23 8.3 
3 2.56-3.22 5.8 11 16.23-20.45 6.0 
4 3.22-4.06 9.3 12 20.45-25.77 4.5 
5 4.06-5.11 12.6 13 25.77-32.47 3.1 
6 5.11-6.44 13.2 14 32v47U-0.91 0.3 
1 6.44-8.11 13.3 15 40.91-51.55 2.8 
8 8.11-10.22 12.0 16 51.55 0.4 
^Analyzed on Coulter counter Model TA-II, 
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Animal experimentation 
Female albino rats from the Industrial Toxicology Rese-
arch Centre animal colony, weighing 150-200 g, were used 
throughout the study. The slate dust sample and 0.15 M NaCl 
were separately sterilized by autoclaving at 15 lbs pressure 
for 15 minutes- Seventy albino rats were intratracheally ins-
tilled with 50 mg of slate dust (suspended in 1.0 ml of normal 
saline) according to the procedure of Zaidi (1969). Another 
seventy rats received only 1.0 ml of physiological saline and 
served as controls. The animals were maintained on a standard 
pellet diet supplied by Hindustan Lever Ltd., Bombay, India and 
were sacrificed after 1, 2, 4, 8, 16, 30 and 90 days Of 
innoculation. 
Collection of lung lavage fluid 
The collection of lung lavage fluid from control and 
experimental animals was done according to the standard lavage 
technique described by Brain (1970) and later slightly modified 
by Tetley ^ (1976), After the blood was collected by 
cutting the jugular vein, the trachea was immediately clamped 
and 
off/later cannulated with 5 ml of physiological saline. The 
expanded lungs were massaged for 3 0 seconds and lavage fluid 
was collected under ice cold condition. This was repeated in 
an identical manner for a total of five washes. 
Counting of free cells and treatment of lavage 
Washings of the lungs from each rat were pooled. Before 
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the cells were counted, the tubes were inverted for quite a few 
times to ensure resuspension of the cells. An aliquot was 
taken and counting of the cells was done using Neubaur haemacy-
tometer. 
For separating free cells from the fluid jnedium, the 
whole lavage fluid was centrifuged at 300 x g for 20 minutes in 
cold. The pellet thus obtained was suspended in 2 . 5 ml of 0-15 
n NaCl. The supernatant and washings constituted the acellular 
fraction while the suspension of the sediment formed the cellu-
lar fraction. 
ESTIMATIONS 
Acid phosphatase (E.G. 3.1.3.2) 
The assay system iOser, 1965) contained 2.0 ml substrate 
mixture <0.5 g sodium p-glycerophosphate and 0.4 ml sod. die-
thyl barbiturate dissolved in water, pH adjusted to 5.0 with 
1 M acetic acid and made upto 100 ml), 0.2 ml cell suspension 
and 0.3 ml water (in case of acellular fraction aliquot was 0.5 
ml). Incubation was carried out at 37*C for 30 minutes and 
reaction was stopped by the addition of 1.5 ml 10% TCA. After 
centrifugation, aliquots from the supernatant were taken for 
orthophosphate determination (Fiske and Subbarow, 1925). The 
latency of the acid phosphatase in lysosomes was abolished by 
preincubation with 0.5% Triton X-100 for 30 minutes. 
Sialic acid 
Sialic acid content in the cellular and acellular fractions 
5 7 
of the lavage was determined by the method of Krantz and Lee 
(1975). 
Protein 
Protein estimation in the cellular, and acellular frac-
tions of the lavage was carried out according to Lowry ^ 
(1951) using freeze dried bovine serum albumin (Sigma type V) 
as standard. 
Phospholipids 
Phospholipids in the cellular and acellular fractions of 
the lavage were extracted according to the procedure of Bligh 
and Dyer (1959) . The inorganic phosphorus was determined 
according to Wagner (1962) using 10% ascorbic a d d and 2.5% 
ammoniuiTi molybdate for colour development. 
Studies on blood 
The blood from control and slate-treated rats was obtai-
ned by cutting the jugular vein and collected in heparin con-
taining tubes (15 l.U,/ml of blood). The heparinized blood 
was centrifuged at 2000 rpm for 10 minutes and plasma separated. 
The cells were further suspended in Oils M NaCl and washed 
thrice and were finally suspended in the same medium to requi-
site concentration for further studies. 
Ogmotic fragility of erythrocytes 
The osmotic fragility test was performed according to 
the procedure of P a r p a r t ( 1 9 7 4 ) . The heparinized blood 
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from control and experimental animals wais added to 5 ml volu-
( 
mes of a suitable range of hypotonic solut-.ions and immediately 
mixed by inverting several times. The tubers were allowed to 
stand at room temperature for 3 0 minutes, then remixed and 
centrifuged at 1500 x g for 5 minutes. The ex^tent of hemoly-
sis in different samples was compared with tha^ t of 100% lysis 
tube (0.1% Nad) using a double cell colorimet/er at a wave I 
length 545 nm. The supernatant from 0.9% NaC^ was used as 
blank. 
Glucose-6-phosphate dehydrogenase assay (E.C.^1.1.1,49) 
( 
Glucose-6-phosphate dehydrogenase in the v erythrocytic was 
assayed according to the procedure of Zaheer et . (1965). 
The reaction mixture in a final volume of 3.0 ml contai..ned 0.25 
ml of 0.1 M MgCl2/ 0..5 ml of 0.2 M Tris-HCl buffer, pH 7.6, 
0.05 ml NADP (5.0 mg/ml) solution, 0.05 ml of 0.05 M glucose-
6-phosphate and 0.2 ml of 1% RBC. The incubation was carried 
out at 3 0°C for 15 minutes. After deproteinization with 0.1 ml 
saturated Na2S0^ and 0.9 ml ethanol, the contents were centri-
fuged at 3000 X g for 10 minutes and O.D. was read at 340 nm in 
Unicam SP-500 spectrophotometer. 
Glutathione (reduced) 
Glutathione content in the erythrocytes of control and 
treated animals was estimated according to Sedlack and Ludsay 
(1968). Heparinized blood (0.2 ml) was lysed with 1.8 ml of 
g/1 EDTA solution and 3 ml of precipitating reagent (1.67 g 
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meta-phosphoric acid, 0.2 g disodium EDTA, 30 g NaCl, water 
to 100 ml) was added. After mixing, the solution was allowed 
to stand for five minutes before being filtered. Two ml of 
filtrate was added to 4 ml of disodium hydrogen phosphate and 
1 ml of DTNB reagent (40 mg of 5, 5'-dithiobis-(2-nitrobenzoic 
acid) is dissolved in 100 ml of 10 g/1 sodium citrate). A 
blank was prepared from 1.2 ml of precipitating reagent, 0.8 
ml EDTA solution, 4 ml of disodium hydrogen phosphate and 1.0 
ml of DTNB reagent. The colour was immediately read at 412 nm. 
Plasma proteins 
Plasma protein was estimated according to Lowry ^ al. 
(1951) using crystalline bovine serum albiomin as standard. 
Silica estfanation 
The silica estimation was done according to King ^ al. 
(1955). A suitable aliquot of plasma from control and experi-
mental animals was precipitated with ICP/o TCA. The precipitate 
obtained was resuspended in 0.1 N NaOH. Aliquots from TCA 
precipitatewere taken for silica estimation. 
RESULTS 
Free cell population 
Numerical alterations in the free cell population in the 
slate-treated rats is shown in Table 1.3. The untreated animals 
had between 6.01 x lo^ and 9.2 73 x lo® free cells. It was 
observed that slate dust stimulates the number of free cells 
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Table 1.3 
Mean and range values of the nuniber of free cells in the 
lung lavage of control and dust-treated rats 
Days 
Control Dust-treated 
1 9.72 24.18 
(7.75-12.31) (22.48-26.00) 
2 9.01 28.19 
(5.70-12.32 ) (24,18-32.20) 
4 7.76 41.53 
(7.40-8.16) (37.62-44.71) 
8 7.50 25.27 
(6.60-9.00) (18,36-32.18) 
16 9.58 17.82 
(6.42-11.68) (12.07-21.68) 
30 6.02 12.55 
(5.01-6.99) (10.51-14.28) 
90 6.18 11.14 
(5.50-6.80) (9.20-13.20) 
Values in the brackets represent the range values. 
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even after 24 hours of exposure and the effect was at its maxi-
mum after four days when almost a five-fold increase was recor-
ded. However, after this optimum period, the early inflammatory 
reactions of the dust subsided and the cell population decrea-
sed and by the end of 90 days, the increase in the free cell 
population was only two-fold. 
The free cells from control animals were typically macro-
phage-like, being of strict uniform size, with a single acen-
tric nucleus. The free cells obtained from slate-treated rats 
were quite different particularly with relation to their size 
range. Many enlarged cells were present and in some cases binu-
cleate/multinucleate cells were also present and the average 
cell size was much larger at the early stages of dust exposure. 
Acid phosphatase activity 
Acid phosphatase was assayed in the cellular and acellu-
lar fractions of lung lavage of normal and slate-treated rats. 
The changes in the overt activity of acid phosphatase at diffe-
rent periods of exposure are shown in Table 1.4. 
Only negligible free activity of acid phosphatase was 
detected in the acellular fraction of control animals. In none 
of the cases, the free activity was more than 8% of the total 
activity. Thus it appears that the freshly harvested cells were 
mostly undamaged and the lysosomes retained their membrane bound 
latency. The small amount of free activity detected could be 
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Table 1.4 
Free acid phosphatase activity in the cellular and ace*-
llular fractions of lung lavage in control and dust-tte-
ated rats 
Days 
Control Dust-treated 
Acellular^fraction** 
Control Dust-treated 
8 
16 
30 
90 
31.74+5.71 
(308.51) 
38.19+4.89 
(344.09) 
40.35+6,0 
(313.12) 
3-5.57+4.21 
(266.78) 
43.93+7.35 
(420.85) 
50.99+7.07 
(306.96) 
32.51+5.93 
(200.91) 
42.30+1.38 
(1022.81) 
51.26+5.81 
(1445.02) 
80.13+4.09 
(3327.80) 
106.09+2.51 
(2680.90) 
75.51+3.62 
(1345« ;9) 
90.05+4.20 
(1130.13) 
78.15+3.56 
(870.59) 
11.43+1.64 14.54+3.26 
14.18+1.63 16.45+0.98 
17.35+2.45 25.72+1.65 
16.67+2.01 35.08+0.96 
18.06+0.84 49.63+1.64 
15.72+2.67 70.19+1.47 
14.44+1.51 85.14+0.51 
^Values expressed as /ig Pi liberated/h at 37®C/l0'" cells. 
**Values expressed as ug/Pi liberated/h at 3 7°C/total lavage 
fluid. 
Values are arithmetic mean + S.D. of six determinations. 
Total activity in cellular fraction per animal is given within 
brackets. 
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attributed to any merribrane damage to the cells during prepara-' 
tion. This activity was relatively constant throughout the 
study. It can be assumed, therefore, that the changes encoun-
tered with the lavage from the experimenal animals represent 
a true physiological adaptation to stress induced by slate 
dust. 
Lung lavage from slate-treated animals showed uniformly 
higher acid phosphatase activity and this trend of enhanced 
activity persisted during the entire period of treatment. At 
24 hours, the free activity in the acellular fraction was only 
27% higher in the treated animals, while it was over five-fold 
higher at 90 days (P<:l0.0l). In the cellular fraction, the 
increase in acid phosphatase was steady upto 8 days, but dec-
lined thereafter.. Even then at all stages, the activity was 
relatively higher in the es^perimental groups. At 1, 8 and 3 0 
days, the increase in the free activity was almost 35, 200 and 
90 per cent respectively. Maximum response of acid phosphatase 
was found at 4 days when the activity in the experimental ani-
mals was over 10-fold that of controls and persisted upto 8 
days. However, on either sides of this optimal period, the 
enhancement was less pronounced. 
One aspect even more significant than the changes in the 
free activity was the gradual loss of latency of the cellular 
fraction (Table 1.5). In the case of controls, the activation 
by Triton X-100 treatment was 3.37 + 0.3 5 for the entire period. 
6 4 
Table 1.5 
Activation of acid phosphatase with Triton X-100 in the 
cellular fraction of lung lavage 
Days 
Control Dust-treated 
1 3.02+0.14 3.22+0.155 
2 3.50+0.07 3.38+0.12 
4 3.74+0.045 3.43+0.097 
8 3.91+0.12 3.15+0.095 
16 3.22+0.095 2.95+0.16 
30 3.07+0.12 2.48+0.085 
90 3.15+0.15 1.95+0.105 
•Expressed as activity with detergent/activity without 
detergent. 
Values are arithmetic mean + S.D. of six determinations. 
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For experimental animals, ijeyond 4 days, the extent of activa-
tion tended to decrease, gradually reaching 1,95 by 90 days. It 
was also observed that even at the most advanced stage, the 
latency is not totally broken since a doubling of activity 
occurs on detergent treatment. 
Phospholipids in lung lavage 
Changes in the phospholipid contents of cellular and 
acellular fractions of lung lavage of slate-treated rats are 
shown in Table 1.6, The phospholipid content of cellular frac-
tion showed considerable variation and maximum increase of 75% 
was observed at 4 days, when phospholipid content was compared, 
it varied from 0.92 to 1.86 /ag/10^ cells for controls, the 
minimum and maximum being at 2 days and 3 0 days. For the slate-
treated animals, the values were in the range 0.51 and 0.84, 
the two extreme values recorded at 2 days and 16 days. 
In the acellular fraction, the treated animals had only 
a third of the phospholipid as compared to controls upto second 
day. Subsequently, the phospholipids in this fraction enhanced 
so that by eight days, it was almost similar to controls. In 
the later stages, the content increased dramatically and at 
90 days, it was approxiimiitely 300/6 of controls. The differences 
became more marked when the phospholipid content of acellular 
fraction is expressed as a per cent of total content of whole 
lavage. In all the stages, 80-eT/o of total phospholipid was 
in the acellular fraction in controls. For the experimental 
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Table 1.6 
Total phospholipids in the cellular and acellular fractions 
of lung lavage 
Days Phospholipid-P/ /ig Pi/total lung lavage 
Cellular fraction Acellular fraction 
Control Dust-treated Control Dust-treated 
1 12.05+1.29 16.17+2.50 61.48+3. (84) 
.19 22.05+4.58 
(58) 
2 8.25+0.93 10.02+1.05 56.26+5, (87) 
.21 17.91+3.49 
(64) 
4 12.22+1.23 21.73+1.67 64.13+4 (84) 
.67 47.11+4.23 
(69) 
8 9.88+1.13 12.73+1.98 58.18+6 
(85) 
.69 52.30+7.82 
(80) 
16 14.80+0.95 15.60+1.25 58.86+7 
(80) 
.23 45.83+6.23 
(75) 
30 11.02+1.67 10.47+1.11 43.46+6 
(80) 
.64 110.35+7.24 
(9I7 
90 7.55+1.20 9.24+0.95 48.67+5 
(87) 
.42 147.84+8.23 (947 
Values are arithmetic mean + S»D. of six determinations. 
Values in brackets represent as per cent of total phospholipid-P 
in total lung lavage. 
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groups, it was distinctly lower, i.e. 58,/^ 69 and 80 per cent 
at 1, 2, 4 and 8 days, respectively. Later it increased, rea-
ching 91 and 94/o at 30 and 90 days, respectively. 
Sialic acid content 
Table 1.7 presents that in the treated animals, the 
sialic acid content per 10^ cells decreased after two days. In 
the cellular fraction of normal lung lavage, sialic acid was 
hardly detectable. However, in theacellular fraction of slate-
treated animals, it appeared after 4 days of dust exposure and 
this pattern of sialic acid elevation continued upto 90 days. 
Protein content 
In the cellular fraction, there was an increase in pro-
tein content in experimental animals as compared to controls, 
upto 4 days (Table 1.8), after which the increase was less 
pronounced. The maximum increase was at 4 days, 3-fold on 
cell basis and 13-fold on whole animal basis. In the acellular 
fraction also, there was a general increase in protein content, 
especially at 16 days, indicating release of cellular consti-
tuents. 
Changes in the blood 
In order to see whether the changes in lavage are reflec-
ted in circulation, some of its parameters were measured 
(Tables 1.9, 1.10 and 1.11). Erythrocyte glucose-6-phosphate 
dehydrogenase tended to decrease and the maximum decrease of 
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Table 1.7 
Total sialic acid contents in cellular and acellular fractions 
of lung lavage 
Days _Cellular_fraction*_ Acellular 
Control Dust-treated Control Dust-treated 
1 31.11+2.25 28.12+2.67 ND ND 
2 18.75+3.19 17.24+1.37 ND ND 
4 23.07+2.05 15.13+2.10 ND ND 
8 39.40+2.89 17.20+0.75 ND 3.26+0.45 
16 19.05+1.23 9.40+1.40 ND 2.99+0.42 
3© 28.12+3.20 12.16+2.12 ND 1.99+0.52 
90 15.25+2.12 7.55+1 20 ND 4.01+0.82 
*Values expressed as /ug sialic acid/10 cells 
**Values expressed as ^ug sialic acid/total lung lavage 
Values are arithmetic mean of six determinations + SJD 
ND - Not detectable. 
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Table 1.8 
Protein content in the cellular and acellular fractions 
of lung lavage 
Days _ Cellular_fraction* 
Control Dust-treated 
AGollular__fraction** 
Control Dust-treated 
1 0. .299+0.055 
(2.906) 
0< .625+0.085 
(15.113) 
2 0 .233+0.040 
{2 .099) 
0, .608+0.052 
(17.139) 
4 0 .271+0.045 
(2.103) 
0 .658+0.125 
(27.327) 
8 0 .427+0.057 
(3 .203) 
0 .408+0.140 
(10.310) 
16 0 .190+0.032 
(1.820) 
0 .278+0.061 
(4.954) 
30 0 .152+0.021 
(0.915) 
0 .392+0.085 
(4.920) 
90 0 .261+0.075 
(1.613) 
0 .290+0.065 
(3.231) 
0.135+0.025 0,275+0.045 
0.241+0.052 0.235+0.067 
0.162+0.025 0.143+0.039 
0.205+0.035 0.196+0.024 
0.162+0.060 0.293+0.069 
0.156+0.045 0.394+0.075 
0.098+0.015 0.176+0.020 
*Values expressed as mg protein/10 cells. 
**Values expressed as mg protein/total lung lavage 
Values are arithmetic mean of six determinations + S.D. 
Values in brackets represent the total protein content of 
cellular fraction of each animal. 
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Table 1.9 
Glucose-6-phosphate dehydrogenase activity* in the ery-
throcytes of control and slate dust-treated rats 
Days Control Dust-treated 
1 0.491+0.025 0.393+0.073 
2 0.402+0.052 0.380+0.020 
4 0,315+0.035 0.277+0.040 
8 0.380+0.045 0.280+0.065 
16 0.383+0.033 0.234+0.045 
30 0.446+0.090 0.275+0.092 
90 0.419+0.055 0.369+0.062 
•Activity expressed as /i mol NADP reduced/min/ml packed 
cells at 30°C. 
Values are arithmetic mean of six determinations + S.D. 
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Table 1,10 
Reduced glutathione (GSH) content* in the erythrocytes 
of control and dust-treated rats 
Days Contro1 Dust-treated 
1 53.39+7.23 52.14+2.64 
2 45.32+2.02 45.52+2.70 
4 48.73+6.05 39.11+5.92 
8 39.08+6.21 40.50+3.99 
16 46.87+4.27 41.25+2.70 
30 47.80+4.01 38.18+8.36 
90 46.56+1.66 34.21+3.12 
*Values are expressed as mg/100 ml packed cells. 
Values are arithmetic mean of six determinations + S.D, 
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Table 1.11 
Plasma protein and protein bound silica in control and 
dust-exposed rats 
Days Protein 
(mg protein/ml plasma) 
Pro te in-bound 
silica 
(/ug silica/ml plasma) 
1 55.81+2.65 
(54.63+3.70) 
121.18+7.86 
(116.66+9.22) 
2 50.04+4.93 
(46.10+4.20) 
181.34+12.43 
(208.33+16.72) 
4 . 53.07+3.25 
(6Q.5qf4.91) 249.65+22.95 (214.61+17.42) 
8 43.75+4.45 
(53.90+1.92) 
331.72+19.19 
(289.58+20.42) 
16 46 .95+1.86 
(52.60+2.90) 400.80+30.39 (329.16+23.45) 
30 47.11+3.11 
(55.95+3.40) 329.16+24.25 (237.51+29.19) 
90 42.05+4.05 
(48.15+3.95) 249.65+27.42 (209.15+15.92) 
Values are arithmetic mean + S.D. of six animals. 
Control values are given in""brackets. 
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62% was observed at 3 0 days. The reduced glutathione content 
in the RBC of experimental animals also decreased being about 
26% less than the controls at 9 0 days. The erythrocytes from 
experimental groups were found to be relatively more suscep-
tible to hypotonic shock as tested by osmotic fragility test 
and maximum change was observed at 30 days (Fig. 1.1). The 
plasma protein contents were decreased marginally in the trea-
ted animals while the protein bound silica was relatively 
higher in the dust-treated animals. 
DISCUSSION 
The above results indicate that the^nitial lung reaction 
J 
to slate dust exposure is an accumulation of scavenger cells, 
chiefly macrophages, within bronchoalveolar milieu. The 
alterations occur in the cellularity, morphology and bioche-
mistry of the free cell population. This might be one of the 
primary responses of the lungs to the deposited dust as has 
been the case in the chrysotile (Tetley ^  aJ.., 1976). The 
alveolar macrophages have been clearly implicated in the gene-
sis of pulmonary fibrosis (Miller & iKa^an, '1976) and in the 
development of asbestos-related neoplastic disease (Selikoff 
et 1973; Warnock and Churg, 1975). The accumulation of 
free cells reached a maximum at four days and subsequently, as 
a result of cytotoxic action of the dust, their number decrea-
sed with the progress of the toxic conditions. 
The increase in the acid phosphatase activity and its 
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Pig, 1#1» Oamotlo-fragility crirva of erythrocytes from control and dust-treated rats at 30 days of expostire* 
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release into the acellulor fraction of lung lavage of the 
slate-tcea^ed rats is in agreement with Koshi and Sakabe (1966) 
and Beg ^ (1977). It might be considered indicative of 
of the toxic nature of the dust. One factor, even more xKpor-
tant than the free activity is the loss of latency after deter-
gent treatment in the cellular fractxon of experimental cases. 
However, even at the most advanced stages of exposiire, the 
latency is not totally broken. 
Slate dust also produces signi^ficant changes in the 
levels of pulmonary surfactant. tThe surfactant which lines 
the alveolar surface of the lung for the prevention of alveo-
lar collapse and transduction, consists largely of phospho-
lipids (King and Clements, 1972). Biochemical studies have 
revealed that cytotoxic dusts caused an enhanced turnover of 
pulmonary surfactant (Heppleston ^ 1974; Wallace et al./ 
1975) . In the case of slate dust exposure also the phospho-
lipid content in the cellular fraction of lung lavage varied 
considerably during the cellular response to slate dust, pre-
sumbaly due to larger number of cells. In the acellular frac-
tion, the phospholipid content decreased initially which may 
be due to its inactivation or degradation by macrophage phos-
pholipases (Rao ^  1981) and due to some adsorptive remo-
val of non-membrane phospholipids^. However, in the later 
stages of treatment, the phospholipid content increased thereby 
suggesting that under slate stress conditions the synthesis 
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of phospholipids is considerably increased in the lungs of 
slate-treated rats and affects the metabolism of the alveolar 
epithelial type II (pneumonocyte) cells. 
The role of sialic acid content on the susceptibility of 
membranes by chrysotile has been well defined (Eepasse, 1982). 
The decrease of sialic acid content in the cellular fraction 
and its release into the acellular fraction of the treated 
animals may be indicative of the damage to the cellular memb-
rabes. Removal of sialic acid by activation of sialidase 
(Harington et 1971 c) could make the cells even more vul~ 
nerable to damage. It will be quite interesting to explore 
the biochemical significance of this release as an index of 
cytotoxicity in the development of slate pneumoconiosis. Also 
the data on the protein content is in agreement with acid phos-
phatase and sialic acid indicating that membrane damage and 
release is not very high. 
Changes observed with the blood components along with the 
RBG fragility vivo/ shows membrane sensitivity to the hemo~ 
lytic effects of slate dust as has been reported in other 
( 
cases (Rice-Evans, 1981). Thus, passage through dust-laden 
lungs and any impact of the lung lesion on the hemopoietic 
system could be reflected in blood chemistry profile. 
From the above studies, it follows that cytological and 
biochemical alterations in pulmonary lavage take place in 
early stages of dust toxicity. Alterations in pulmonary 
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surfactant was indicative of toxicity and, therefore, this 
aspect is taken up for more detailed studies in a subsequent 
section of this dissertation. Whether changes in the lavage 
are caused by or accompanied by simultaneous changes in lung 
metabolism is an important preposition. Understanding of such 
biochemical changes will be essential in elucidating the mole-
cular mechanism of slate toxicity. In this connection, any 
alteration in intracellular membrane assumes significance 
because damage to macrophage membrane was evident. Therefore, 
some of the metabolic changes and functional status 'of membra-
neous systems are taken up for further studies in the forth-
coming chapter, 
SUMMARY 
An experimental model for studying the toxicity of slate 
dust was developed for the evaluation of early pulmonary res-
ponse towards the toxic mineral dust. The initial foreign body 
response consists mainly of the collection of scavanger cells, 
and reaches a maximum at four days, S\absequently, as a result 
of cytotoxicity the free cell number decreases with the prog-
ress of toxic conditions. The increase in acid phosphatase 
activity in theacellular fraction and the gradual decrease by 
detergent activation in the cellular fraction suggest the cyto-
toxic action of slate dust in vivo. The release of sialic acid 
in the acellular fraction also indicates the alterations of 
biomembranes. Similarly, sle.te dust induces an increase in 
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the phospholipids of lung lavage also along with the changes 
in some blood parameters. The above results indicate the 
toxicity of slate dust and help in understanding the possible 
mechanisms of pathogenesis. 
CHAPTER II 
SLATE DUST IKDUCBD BIOCHEMICAL CHANGES IN RAT LUNGS 
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INTRODUCTION 
Surveys conducted at Mandsaur, Madhya Pradesh, India 
(Jain ^ , 1980? Chakravarti/ 1981) highlighted the occupa-
tional health hazards due to slate dust. Even though slate is 
considered a pneumoconiosis producing dust (Rogers, 1932; 
D'onofrio, 1952? Hunter, 1969), experimental studies are limi-
ted. The cytotoxic effects on alveolar macrophages reported 
in the previous chapter along with parallel studies on a^ vitro 
effects on erythrocytes (Singh ^^ , 1982) clearly indicated 
the potential toxicity of slate dust. However, very little is 
known about the toxic manifestations of slate dust at cellular 
and subcellular levels of lungs, the chief target organ of 
toxicity. Since clinical observations ^e ca^ot lead to 
informations on the changes in the lung tissue on dust exposure, 
experimental data from animal models are needed, as has been 
the case with other types of pneumoconioses (Singh^ et al., 
1973; Rahman et al./ 1975? Singh et al., 1977; Misra et al.. 
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1978), Data from suitably designed animal models can be extra-
polated to index human lung changes, as well as to establish 
"the potential toxicity of the dust as the causative factor for 
hazards to slate vjorkers. Therefore, an experimental model for 
slate dust pneumoconiosis vjas developed in rats and some of the 
chemical changes in lung tissue constituents studied with a viev; 
to understand the biochemical basis of toxicity. Earlier expe-
riments in this laboratory with silica (Singh ejt , 1976) and 
Silicate dusts (Rahman £t , 1977) clearly indicated the 
important role of lung mitochondria in the etiopathogenesis of 
pulmonary dust diseases. Therefore, the biochemical profile of 
mitochondria from slate exposed animals at various stages of the 
pathogenesis was studied. The findings are reported in this 
chapter. 
MATERIAo^S AMD METHODS 
Dust 
The source and chemical composition of the slate dust was 
the same as described in Chapter I. Slate dust sam;-..lG of parti-
cle size below 5 /u was prepared according to Zaidi (19 69). 
Chemicals 
Most of the chemicals utilized during the study were from 
E, Merck extrapure and BDH, Anala R. The rare biochemicals were 
procured either from Sigma Chemicals Co., U.S.A. or V,P. Chest 
Biochemicals Unit, Delhi, India, 
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Induction of slate pneumoconiosis 
Sinco no suitable experimental model was hitherto availa-
ble for slate pneumoconiosis, it was developed as follows: 
Female albino rats bred in Industrial Toxicology Research 
Centre (ITRC) animal house colony v/ere used for the induction 
of slate pneumoconiosis. The dry dust and 0.15 M "^faCl were 
separately autoclaved at 15 lbs pressure for 15 minutes. The 
dust was well suspended in 0.15 M NaCl just before innocula-
tion. Adult rats (150-200 g) were intratracheally instilled 
with 50 mg of dust suspended in 1.0 ml of 0.15 M NaCl according 
to the procedure of Zaidi (1969). Corresponding control ani-
mals received 1.0 ml of normal saliao.-only. The animals were 
maintained on a laboratory stock diet supplied by Hindustan 
Lever, Bombay, India. Six animals from each group were sacri-
90, 
ficed at 15, 30, 60/ 120 and 150 days after dust instillation. 
Preparation of lung homogenate and isolation of mitochondria 
Whole lungs were dissected out after sacrificing animals, 
blotted free from adhering materials and weighed. 
The lung tissue from control and experimental animals 
V7as now divided into three weighed fractions. One for the 
assay of tissue constituents, the other for enzymatic studies 
of mitochondria and third for the study of swelling and cont-
raction properties of lung mitochondria. 
Lung tissues were thoroughly washed in chilled 0.15 M 
MaCl, minced and^  then homogenized in sucrose-mannitol medium 
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(0,15 M sucrose, 0.15 M mannitol, 1 mM Tris-HCl, 1 mM SDTA, pH 
7.4). The homogenate was filtered through double layered mus-
lin cloth (mesh size 150 x 100 ya) and made upto 10% concentra-
tion (w/v) with the same medium. 
Isolation of mitochondria was based on the method of 
Mustafa (1974). The crude homogenate was centrifuged at 700 x g 
for ten minutes to remove the nuclear fractior> cell dcdoris and 
unbroken cells. The resulting supernatant was centrifuged at 
9000 X g for ten minutes to sediment the mitochondrial pellets. 
The mitochondrial pellets were washed twice in the same medium, 
centrifuged at the same speed and finally suspended in the above 
medium to the desired concentration. All the operations were 
carried out at 0-4°C, 
Estimation of lung tissue constituents 
A weighed portion of lung was dried at 110°C to a constant 
weight and powdered. Weighed amounts of grinded tissue were 
taken into pyrex glass teat tubes and 10 ml of 6 N HCl was added. 
The txabe was sealed under an oxygen lamp and hydrolysis was 
allowed to proceed for 16 hours at 100*^ 0 in- a hot air oven. The 
acid hydrolyzate was then quantitatively transferred into a 
volumetric flask and neutralization carried out by the addition 
of 6 N NaOH to obtain a pink colour v^ ith phene^^hthalein indica-
tor followed by back titration with 0,5 N HCl, The neutral 
hydrolysate was made upto 25 ml volume with H^O, 
Now taking suitable aliguots from the above hydrolysate. 
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Gollag en (Stegernan, 1958) , hexosamins (Ashwcll/ 1957) and. sia-
lic acid (WhitehousG and Zillikin, 1963) were estimated. 
Protein estimation 
Protein content in the lung homogenate as well as mito-
chondrial fractions was estimated according to Lov/ry et aj._. 
(1951) using crystalline bovine serum albumin as standard. 
Phospholipids 
The lipids from lung homogenate and mitochondria were 
extracted according to Folch et (1957) and total inorganic 
phosphorus was estimated according to Wagner et (1962), 
Lipid P multiplied by 25 (based on dipalmitoyl phosphatidyl 
choline, C^QH^QO^NP, mol. wt. 748.1; 4.1% phosphorus) gave the 
amount of phospholipids. 
Mitod^ondrial enzyme assay$ 
Monoamine oxidase (Monoamine?oxygen oxidoreductase, E.C. 
1.4.3.4) 
Monoamine oxidase was assayed according to the method of 
Green and Haughton (1960). Incijbation mixture in a total 
volume of 2.0 ml contained 0.4 ml 0.5 M semicarbazide-HCl, pH 
7.4, 0.8 ml 0.2 M phosphate buffer, pH 7.4, and 0.6 ml of sui-
tably diluted mitochondrial suspension. The mixture was incu-
bated at 37°G for thirty minutes and reaction stopped by the 
addition of 1.0 ml of 0.5 F acetic acid. Tubes were maintained 
in a boiling v/atcr bath for three minutes, cooled and centri-
fuged. To 2.0 ml of the supernatant, 2.0 ml of dinitrophenyl 
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hydrazine (0.5 mg/ml in 2 N HCl) was added, mixed and kept at 
room temperature for ten minutes. The dinitrophenyl hydrazone 
formed was extracteri with benzene (5.0 ml) and 4.0 ml of the 
benzene layer vjas shaken with 4.0 ml of 0.1 N NaOH. The mix-
ture was centrifuged in both the extraction steps for the com-
plete supora'tion of the two layers. Alkaline layers thus obtai-
ned were heated at 80*^ C for^en minutes to convert the initial 
red form of hydrazone into the orange-yellow one. After 
cooling, the colour intensity was read at 540 nm against a rea-
gent blank which consiste d of all additions except enzyme and 
processed similarly. 
Tubes receiving enzyme after the arrest of the refiction 
by acetic acid served as controls. For calculation, an extin-
3 -1 —1 
ction coefficient of 9.5 x 10 M cm for p-hydroxyphenvl 
acetaldehyde 2, 4-dinitro henvl hydrazone was used, as descri-
bed by Richter (1937). En?yme activity is expressed as nano-
moles of hydrazone formed/30 minutes/g fresh tissue weight 
or/mg mitochondrial protein. 
Cytochrome c oxidase (Ferrocytochrome c:oxygen oxidoreductase, 
E.G. 1.9.3,1) 
Cytochrome c oxidase was assayed according to Cooperstein 
and Lazarow (1951). The assay system in 3.0 ml consisted of 
1.0 ml 0.2 M phosphate buffer, pH 7.4, 0.45 ml 0.1 mM ferrocyto-
chrome c solution (ferri form v/as reduced by adding a pinch of 
sodium dithionate), 1.5 ml water and 0.05 ml properly diluted 
mitochondrial suspension. The decrease in O.D. at 550 nm was 
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monitored at 15 second, intervals for two minutes. The enzyme 
activity was calculated according to Yonetani (1961) using 
3 -1 -1 
19,1 X 10 M cm as extinction coefficient. The activity 
is expressed as nanomoles of ferrocytochrome c oxidized/minute/ 
g fresh tissue weight or/mg mitochondrial protein. 
Glutamate dehydrogenase (L-Glutamate«'NAD oxidoreductase, 
E,C. 1.4.3.2) 
GLutamate dehydrogenase in the mitochondrial fraction was 
assayed by the method of Olson and Anfinsen (1952). The assay 
system in a total volume of 3,0 ml consisted of 0,2 ml NADH 
(1 mg/ml) , 0,2 ml M/6 oi^-ketoglutarate, 0.15 ml 3 M NH^Cl, 2,4 
ml 0,2 M phosphate buffer,pH 7,6 and 0,05 ml properly diluted 
enzyme. Reaction was initiated by the addition of NADH and 
decrease in O.D, at 340 nm followed at one minute intervals for 
five minutes against a rergent blank. An analogous mixture, 
without NADH, served as control. For the total activity in 
mitochondria 0.4 ml sodium deojc^ '^cholate (1 mg/ml) replaced an 
equal volxime of buffer. The cnz^nae activity was calculated by 
using the molar extinction coefficient of NADH at 340 nm as 
6.22 X 10 m"^ cm"^ as described by King and Frieden (1970), 
The activity is expressed as nanoiholes of NADH oxidized/minute/ 
g fresh tissue vjeight or/mg mitochondrial protein. 
Mitochondrial swelling and contraction 
Swelling and contraction, an index of morphological 
integrity of mitochondria, in control and experimental groups 
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was studied according to Lehninger (1959). In this case, 
buffered potassium chloride (0.15 M KCl and 0.02 M Tris-HCl, 
pH 7.4) was used as medium for the isolation of mitochondria. 
The mitochondrial pellet, isolated from the homogenate, was 
suspended in the buffered KCl and was used for the study within 
three hours of isolation. Swelling of mitochondria was stu-
died by measuring the decrease in-O.D. at 520 nm against water 
as reference. The system contained 1.10 ml buffered KCl solu-
tion and 0.4 ml of mitochondrial suspension equivalent to 0.45 
to 0.67 O.D. values at 520 nm. The reaction was started by the 
addition of 5 rrt'i CaCl2 and readings were made at one minute 
intervals for ten minutes'. After 10 minutes, to the swollen 
mitochondria, was added 5 ITM E D T A, 5 RRT^i A T P supplemented by 5 
miXl MgCl^ and BSA. Now the increase in O.D. as a function of 
mitochondrial contraction at 52 0 nm was recorded at one minu-
te intervals for terwinutes again. 
R E S U L T S 
Effect of slate dust on the weights of rat lungs 
The change in lung weight due to intratracheal instilla-
tion of slate dust has been recorded in Table 2.1. There was' 
a significant increase in the lung weight specially after 64 
days being 47, 65, 53 and 94% higher in the experimental ani-
mals as compared to the controls at 6§, 90, 120 and 150 days 
respectively. However, the dry tissue weight (expressed as 
mg/g wet weight) remained almost equal in both groups at all 
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Table 2.1 
Effect 
of rat 
of slate dust treatment on 
lungs 
the fresh and dry weights 
Days Wet weight of lung 
(g) 
Dry weight of lung 
(mg/g wet weight) 
15 2 .08+0.06 
(1.7'^0.05) 
198+5 
(196+3) 
30 2.38+0.22 
(1.73+0.13) 
195+6 
(192+4.5) 
60 2.55+0.09 
(1,7'^0.04) 
200+4 
(195+2) 
90 2.85+0.06 
(l.7'^+0.02) 
189+7 
(192+4) 
120 2.96+0.17 
(1.9 .+ 0.05) 
199+5.5 
(196+4.5) 
150 3.55+0.22 
(1.89+0.10) 
2 01+6 
(197+3.5) 
Values are arithmetic mean + S.D. of six animals in each 
group. 
Control values are given in brackets. 
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stages of the exposure. 
Effect on the lung tissue constituents 
Changes in the lung tissue constituents due to intratra-
cheal exposure to slate dust in rats have been recorded in 
Tables 2.2 and 2.3. 
The lung protein content remained almost equal upto 30 
days, but increased in the later stages by 11, 17, 23 and 23% 
at 50, 90, 120 and 150 days respectively. Similarly, the 
phospholipids showed a general tendency to increase and maximum 
increase of 34% was recorded at 150 days. The remarkable fea-
ture of the lung tissue changes w^s the turnover of the colla-
gen in the experimental animals which was nearly 45% higher 
(P^ 0.001) at 150 days of exposure which is the indicative of 
the fibrotic conditions in the lungs. Similarly, sialic acid 
content was 48 and 99% higher at 120 and 150 days (P< 0.001) 
while hexosamine content was 54 and 37% higher at 120 and 150 
days, respectively (P<0.01), 
Changes in the protein and phospholipid contents of the 
mitochondria 
The data for mitochondrial protein and phospholipid con-
tents have been recorded in Table 2.4. Upto 3 0 days, the pro-
tein content showed only a marginal decrease but in the later 
higher 
stages, it increased gradually and being 9, 13, 16 and 35?^at 
^0, 90, 120 and 150 days, respectively. The phospholipid con-
tent of mitochondria from the treated animals was significantly 
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Table 2.2 
Effect of slate dust on the contents of protein, phospho-
lipid and sialic acid in rat lungs 
Days Protein Phospholipid Sialic acid 
(mg/g fresh tissue (mg/g fresh tissue {^g/g fresh 
weight) weight) tissue weight) 
15 96 
(95 
.60+3 
.53+2 
.56 
.87) 
20.11+0.47 
(19.84+0.46) 
673.7+28.7 
(660.(>14.1) 
30 98 
(93 
.25+1 
.45+2 
.71 
.94) 
20.40+0.58 
(19.98+0.30) 
728.2+18.6 
(644.1+19.9) 
60 108 
(97 
.03+3 
,49+2 
.26 
.44) 
21.06+0.86 
(20.19+0.46) 
725.5+25.9 
(651.9+18.6) 
90 115 
(98 
.72+3 
.75+4 
.82 
.22) 
22.36+0.63 
(20.31+0.26) 
902.8+47.5 
(695.5+27.3) 
120 121 
(98 
.79+3 
.75+2 
.00 
.05) 
23.76+1.05 
(20.47+0.36) 
1052.8+37.3 
(709.2+8.9) 
150 121 
(98 
.60+2 
.75+1 
.94 
.22) 
27.60+0.45 
(20.57+0.15) 
1418.3+92.1 
(714.6+25.9) 
Values are arithmetic mean + S.D. of six animals. 
Control values are given in'^brackets. 
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Table 2.3 
Changes in the contents of collagen and hexosamine in the 
lungs of dust-treated rats. 
Days Collagen (rag/g fresh tissue 
weight) 
Hexosamine 
^g/g fresh tissue 
weight) 
15 6.92+0.34 
(8.62+0.60) 
718.9+49.6 
(791.9+72.2) 
30 6.32+0.18 
(7.82+ .92) 
823.2+64.8 
(792.0+34.0) 
60 8.78+0.26 
(8.94+0.44) 
896.1+38.0 
(844.0+26.9) 
90 9.70+0.38 
(9.10+0.46) 
1156.6+43.4 
(922.2+35.6) 
120 10.96+0.26 
(9.24+0.28; 
1443.1+62.2 
(937.8+53.8) 
150 13.42+0.48 
(9.26+0.28) 
1318.2+123.1 
(963.9+70.9) 
Values are arithmetic mean + S.D. of six animals. 
Control values are given in brackets. 
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Table 2.4 
Protein 
control 
and 
and 
phospholipid contents 
dust treated rats. 
in the mitochondria of 
Days 
Protein 
(mg/g fresh tissue 
weight) 
Phospholipid 
(mg/g fresh tissue 
weight) 
15 10.35+1.23 
(10.80+0.61) 
3.15+0.13 
(3.11+0.10) 
30 8.48+1.49 
(8.66+1.18) 
4.04+0.26 
(3.18+0.26) 
60 12.67+0.46 
(11.60+0.46) 
4.15+0.44 
(3.15+0.15) 
90 13.57+0.77 
(11.96+0.56) 
4.87+0.26 
(3.18+0.15) 
120 14.10+1.70 
(12.14+0.jO) 
4.82+0.35 
(3.28+0.23) 
150 15.98+0.89 
(11.87+0.89) 
4.51+0.39 
(3.35+0.30) 
Values are arithmetic mean + S.D. of six animals. 
Control values are given in brackets. 
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higher than the controls, being 53, 47 and 35% higher at 9 0, 12 0 
and 150 days respectively. 
Effect on the mitochondrial enzymes 
The changes in the monoamine oxidase, cytochrome c oxidase, 
and glutamate dehydrogenase activities in the lung mitochondria 
due to intratracheal instillation of slate dust hav-abeen recor-
ded in Tables 2.5, 2,6 and 2.7. 
Monoamine oxidase, the marker enzyme of outer membrane 
of mitochondria, showed only a slight increase in the treated 
animals and the maximum increase (20%) was observed at 150 days. 
However, the specific activity of the enzyme showed a marginal 
increase upto 6 0 days but tended to decrease in the later stages 
which may be due to the increase in the mitochondrial protein 
content in the diseased animals.' 
The cytochrome c oxidase activity in the treated animals 
was generally higher in all stages, being 33, 46 and 85% 
(P<i:0.01) higher at 90, 120 and 150 days respectively. Also 
expressed in terms of per mg of protein, the activity showed an 
increase of 18, 21 and 37% at 90, 120 and 150 days respectively. 
The data for glutamate dehydrogenase activity has been 
presented in Table 2.7. The free activity in the treated ani-
mals was 42, 47 and 51% higher at 90, 120 and 150 days respec-
tively, as compared to the control ones. The total activity 
in the experimental animals was found to increase aftar 6 0 days 
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Table 2.5 
Monoainine oxidase activity in the lung mitochondria of 
control and dust-treated rats. 
Days 
n moles of substrate 
utilized/min/g fresh 
tissue weight 
n moles of substrate 
utilized/min/mg 
protein 
15 1420.22+116.13 
(1459.65+45.55) 
139.05+24.52 
(135.25+ 4.82) 
30 1400.00+63.69 
(1415.00+78.82) 
165.68+14.96 
(163.74+11.73) 
60 1597i75+93.88 
(1459.61+85.20) 
126.10+8.05 
(125.72+4.09) 
90 1656.95+101.85 
(1522.75+27.30) 
122.60+13.55 
(127.90+5.05) 
120 1765.42+67.38 
(1578.02+52.21) 
126.92+19.71 
(130.20+ 8.07) 
150 1952.80+113.89 
(1617.50+111.58) 
122.32+6.87 
(136.28+3.24) 
Values are arithmetic mean + S.D. of six animals. 
Control values are given in brackets. 
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Table 2.6 
Cytochrome 
of control 
c oxidase activity in the 
and dust-treated rats. 
lung mitochondria 
Days 
n moles of cytochrome 
c oxidized/min/g fresh 
tissue weight 
n moles of cytochrome 
c oxidized/min/mg of 
protein 
15 863 .82+30.24 
(824.56+3 2.04) 
84.11+8.09 
(76.63+7.35) 
30 1004+28.08 
(985+40.08) 
118.80+16.87• 
(114.12+14.27) 
60 1011+58.91 
(903+55.53) 
82.17+4.87 
(78.00+7.49) 
90 1099.45+143.37 
(824 .57+101.38) 
81.42+13.85 
(69.09+10.09) 
120 1374.32r32.04 
(942.35+55.53) 
98.40+10.77 
(77.66+4.72) 
150 1884.75+157.10 
(1020.90+115.61) 
117.99+9.62 
(86.36+11.56); 
Values are arithmetic mean + S.D. of six animals. 
Control values are given in brackets. 
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and this increase was even more significant at 90 and 120 days. 
The increase in the free activity may be due to gradual loss of 
latency in the experimental animals. Expressed in terms of per 
mg protein also^ the free activity was generally higher in the 
experimental animals. 
Mitochondrial swelling and contraction studies 
In order to assess the physiological status of lung mito-
chondria in slate dust treated rats, the swelling and contrac-
tion studids were conducted. The results of the Ca"^"*" induced 
swelling in the normal and slate treated animals is shown in 
Figs.2.1*^2. ^ here was no significant change in the swelling and 
contraction properties of the mitochondria upto 6 0 days. How-
ever, after 90 days, the mitochondrial swelling as a result of 
Ca"*"^  treatment decreased and this effect was maximum at 120 days. 
Also in the experimental mitochondria, the O.D. was slightly 
loss than the controls even before the addition of Ca"*"^ . This 
supports the claim that the mitochondria in the experimental 
animals were already in a more swollen state. The mitochondrial 
contraction after addition of EDTA, ATP, and Mg"^"*" has been 
followed. Generally, the values at the end of the treatment 
were less than the original level in the experimental cases. 
DISCUSSION 
The most important feature of pneumoconiotic lesions is 
fibrosis caused by accumulation of collagen fibers (Holt, 1957). 
The present results indicated that fibrosis sets in due to 
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slate dust exposure as in the case of asbestos also (Rahman 
et gl., 1975) . The initiation of collagen deposition starts 
around 90 days of exposure reaching sxibstantially higher values 
at 150 days. The concurrent increase in hexosamine and sialic 
acid in the lungs of experimental animals may lead to the 
accumulation of mucopolysaccharides. Mucopolysaccharide accu-
mulation has been reported in various types of pneumoconioses 
such as in the early proliferative phase of silicosis (Singh 
et 1975) and in asbestosis (Viswanathan ^ aj.., 1973; 
Misra et 1978). Since parallel trend in collagen and 
mucopolysaccharide is apparently similar to that observed in 
asbestosis, one could in analogy assume that fibrosis is of the 
reticulin type. As in the case of asbestosis (Singh et al., 
1976) phospholipid content of the lungs also increased as a 
result of slate dust exposure. The present data indicate that 
apart from alterations in lipid metabolism, slate induced pneu-
moconiosis may also lead to the dysfunctioning of membraneous 
structures. The alterations in phospholipids in the toxicity 
of various dusts such as quartz and mica indicate that changes 
in lipid metabolism are an important facet of pneumoconiosis 
(Kaw ^ 1971; Grunspan et ^ . , 1973; Gupta _et al., 1978). 
Another salient feature of slate dust toxicity is possible 
L 
alterations in biomerribranes. The studies in the previous chap-
ter on macrophages also support this. Biomerribranes are among 
the chief targets of various noxic3us dusts (Rahman et 1977). 
This is supported by a large number of reports on membrane dust 
interactions with erythrocytes, macrophages and other subcellular 
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organelles (fl 11 ison ^  .aa., 19^6; ai., 1968; Allison 
1971; Desai 1975; Singh 1977). Apart from 
plasma membrane, intracellular membranes may also be targets 
as evident from the present study with mitochondria. In the 
case of silicosis during initial stages of cellular prolifera-
tion (Singh et 1976), mitochondrial changes were of low 
order, while at later stages, changes bccame more distinct 
(Das ^  aJ.., 1983). Slate dust in this respect reseiribles asbes-
tos in exhibiting selective mitochondrial response. In the 
case of asbestos toxicity, the diverse effects such as cytoto-
xicity, hemolysis, asbestos bodies, fibrosis, pleural plaques 
and cancer can be explained in terms of biochemical changes 
triggered by membrane perturbations. How far such processes 
are involved in slate toxicity is an interesting proposition. 
The involvement of mitochondria in the pathogenesis of 
slate dust toxicity is evident from the increase in the mito-
chondrial protein as well as in the cytochrome c oxidase acti-
vity which is in agreement with silica (Singh ^  1973) and 
asbestos (Das ^  1983) toxicity. The enhanced terminal 
oxidation will help in furnishing additional energy needed for 
biochemical changes like collagen deposition through the process 
of oxidative phosphorylation (Rahman ^  1977). This could 
also lead to redox potential changes which are important events 
in the biological effects of asbestos (Flowers, 1974). The 
mitochondrial changes due to slate dust are of a specific 
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nature since the inner membrane marker, cytochrome c oxidase, 
increased while the outer membrane marker monoamine oxidase was 
not seriously affected. Another line of evidence for the 
involvement o£ mitochondria is the increasing trend of gluta-
mate dehydrogenase activity. Whilt; the total activity showed 
only marginal increase, the free activity showed marked incre-
ase in the late stages of slate toxicity. The decrease in the 
latency of enzyme may presumably be due to the permeability 
changes in the membraneous set up. It may be mentioned .here 
that glutamate dehydrogenase activity in mitochondria has since 
long been used as marker for the intactness of mitochondria 
(Endahl and Kochakian, 1957) and that the integrity of mitochon-
drial membrane is the most vital prerequisite for their proper 
functioning such as oxidative phosphorylation (Mitchell, 1977). 
The mitochondria from the slate treated animals appeared 
to be in a more swollen state. The damages in the mitochondrial 
membrane arefsevere since the contracting agents could not 
reverse completely the swelling condition in the case of expe-
rimental animals. This swelling of mitochondria could be help-
ful in the translocation of the redox changes (Rahman ^  al 
1977) in slate dust toxicity also. That biomerribrane functio-
ning is altered in response to stress by slate is also indica-
ted from the increase in phospholipid content, the major cons-
tituents of all biomombrancs. In order to understand the exact 
significance of the phospholipid changes, it is essential to 
follow the trend in individual components at different stages 
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and also the rate of their synthesis % this aspect has been 
taken up for further investigation in the forthcoming chapter. 
The above results clearly indicate that prolonged expo-
sure to slate dust results in significant alterations in the 
biochemical make-up of lungs and silfeo alterations in the mito-
chondrial composition and its adtivities. These changes could 
as 
be^a result of defensive adaptations to meet the stress or as 
a consequence of tissue injury* In eithef- case, the changes in 
chemical constituents and enzymes actually help to understand, 
the molecular mechanism of pathogenesis. The present data, on 
the toxicity of slate dust/ also help to understand the disease 
condition produced by it in slate workers. 
SUMiyiARY 
The alterations in the lung tissue constituents, mito-
chondrial enzymes and mitochondrial swelling and contraction 
properties were followed in rats at different periods after 
intratracheal instillation of slate dust. Collagen content 
increased after 90 days of exposure reaching substantially 
higher values at 150 days, indicating fibrosis of the lung. A 
concurrent increase in hexosamine and sialic acid contents were 
also observed indicating the accumulation of mucopolysacchari-
des. Similarly, phospholipid contents in the whole tissue as 
well as in mitochondria also increased with the progress of 
exposure period. Mitochondrial cytochrome c oxidase and 
glutamate dehydrogenase activities increased whereas monoamine 
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oxidase was marginally affected. Mitochondria from experimental 
animals appeared in a more swollen state after 90 days of expo-
sure and their contraction profile upon the addition of ATP 
reflected permeability changes. The above results suggest that 
slate dust exerts its toxic effects by bringing some alterations 
in the tissue make-up as well as the mitochondrial functioning 
of the lung. 
CHAPTER III 
EFFECT OF SLATE DUST ON IN VIVO INCORPORATION OF 
^"^C-ACETATE INTO PHOSPHOLIPIDS AND CHOLESTEROL IN 
RAT LUNGS 
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INTRODUCTION 
Earlier studies on the biochemical changes in lung lavage 
and tissue constituents in rats at different stages of slate 
dust pneumoconiosis indicated that turn over of lipids, specia-
lly phospholipids is an important event in slate dust toxicity 
(Chapters I and II). Membrane damage effects of slate dust also 
indicated phospholipid involvement (Singh ^  1982). In 
fact alterations in lipid fractions have been encountered in 
various types of pneumoconioses (Fallon, 1937; Marks and 
Marasas/ 196 0; Kaw ^  1971; Heppleston ^ aj.., 1972; 
Grunspan _et al., 1973; Heppleston et 1974; Tetley ^ al,, 
1976; Gupta ^  ad., 1978). However, no attempt has been made 
so far towards a detailed study of the turnover of individual 
lipid components. 
Apart from the role as membrane constituents, phospholipid 
metabolism is also important in lung system in view of the phy-
siological role of lung surfactant (Redding ^ 1969; King 
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and Clements, 1972). Heppleston ^ al, (1972, 1974) reported 
that turnover of dipalmitoyl phosphatidylcholine (Di-^ PC) is 
altered in silica toxicity and also when superimposed by lung 
infection. The suggested protective role of dipamitoyl leci-
thin in dust induced membrane toxicity (Heppleston, 1974; Gupta 
et al., 1978) also points out the importance of DPPC. 
The turn over rate of different phospholipids may be 
expected to be indicative of the metabolic changes in lung 
14 
caused by stresses. Therefore, the incorporation of C-ace~ 
tate, intratracheally administered into slate dust exposed ani-
mals in total lipids as well as various phospholipid fractions 
of lung tissue and lavage has ebeen studied in this chapter. 
MATERIALS AND METHODS 
Dust 
The source and chemical composition of slate dust was the 
same as described in Chapter I- Slate dust of particle size 
below 5 /U was prepared according to Zaidi (1969) . 
Chemloals 
Sodium acetate-l-C-14 was purchased from Bhabha Atomic 
Research Centre, Bombay, India. Dipalmitoylphosphatidylcholine, 
phosphatidyl choline, phosphatidyl inositol, phosphatidyl ser-
ine, phosphatidyl ethanolamine and sphingomyelin were procured 
from Sigma Chemical Co., U.S.A., cholesterol from V.P. Chest 
Institute, Delhi, India and silica gel G from E. Merck, West 
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Germany. All other chemicals used during the study were of ana-
lytical grade. 
Intratracheal instillation of slate dust into rats 
Adult female albino rats were inoculated with slate dust 
by the same procedure as described in Chapter I. 
14 In vivo incorporation of C-acetate 
Two groups of experimental rats which had been incoula-
ted with 50 mg of slate dust 4 days and 40 days earlier, were 
injected with 2 0/uci '^^ G-'acetate (specific activity 46.8 mci/m 
mo le. Isotope Division, Bhabha lAtomic Research Centre, Bombay), 
intratracheally. Animals of the same age group which had not 
14 received the dust were also injected with 2 0 ^ ci C-acetate and 
served as controls. The rats of the different groups were 
killed three hours after t"ie administration of ^"^C-acetate-
As evident from the previous studies (Chapters I and II), 
there was no significant change in the lipid metabolism of con-
trol groups at different time intervals, therefore, in the pre-
sent study only one control group was taken for comparison. 
Isolation of lung lavage and different subcellular fractions 
of lung 
Lung lavage from each rat was collected as described by 
Brain (1970), The washings were pooled and centrifuged at 
3 00 X g for 20 minutes to separate the cellular fraction from 
the lavage fluid. Lung was dissected out and weighed. A 10% 
Ill 
(w/v) homogenate of lung .issue was prepared in physiological 
saline. The nuclear fraction was separated by centrifugation 
at 700 X g for 10 minutes. Mitochondrial fraction was isolated 
according to Mustafa (1974) by centrifugation at 9000 x g for 
10 minutes. Microsomal fraction from the post-mitochondrial 
fraction was isolated after centrifugation at 1,05,000 x g for 
one hour. Similarly, liver tissues from each rat were also 
collected and weighed. A 20% homogenate of the liver in water 
was prepared and lipids were extracted according to Folch ^ 
(1957). 
Blood from respective group of rats was collected into 
heparinized tubes by cutting the jugular vein of rats. Plasma 
from the blood was separated by centrifugation at 700 x g for 
10 minutes. 
Extraction of lipids 
Extraction of lipids in the cellular and acellular frac-
tions of lung lavage was done according to Bligh and Dyer (1959) 
whereas in the lung homogenate and subcellular fractions (mito-
chondrial, microsomal and cytosol), the extraction was carried 
out according to Folch et (1957). 
Phospholipid estimation 
The phospholipid contents of the cellular and acellular 
fractions of lung lavage, whole homogenate and subscellular 
fractions of the lungs were estimated according to Wagner et al. 
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(1962). Lipid Pi x 25 (based on dipalmitoyl lecithin, C^^H^g 
OgNP, ruol. wt. 748.1; 4.1% phosphorus) gave the amount of phos-
pholipids. 
Cholesterol estimation 
Cholesterol was estimated according to Zlatkis et al. 
(1953) . 
Identification and estimat-ion of individual phosphoiipids 
Various phospholipids were resolved by thin layer chro-
matography (TLC) using activated plates of silica gel G (0.5 mm 
thick). Suitable lipid samples were applied on the plates, 
which were first developed in acetone-benzene (4:6, v/v), 
whereby the neutral lipids moved almost along with the solvent 
front and phospholipids remained at the origin. The plates 
were then dried at room t€Jf\perature and redeveloped in chloro-
form-methanol-7 M ammonia, 60:35:5 by vol. (Rooney _et 1975). 
The spots of the phospholipids were detected on the chromato-
grams by spraying with Rhodamine B and marked with sharp 
needle. Phosphatidyl choline, phosphatidyl ethanolamine, phos-
phatidyl inositol, phosphatidyl serine and sphingomyelin were 
identified on the basis of comparison of their mobiliticjwith 
simultaneously run standard phospholipids. The phospholipid 
spots resolved on TLC were scrapped and digested with 0.5 ml of 
7CP/o perchloric acid at ISO^C + 10°C for two hours- Blank with 
corresponding amount of silica gel, a reagent blank and a stand-
ard sample of KH^PO^ were also simultaneously run under 
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identical conditions. Phosphorus in the digests w3LS estimated 
according to Wagner ^ a^. (1962). 
Measurement of radioactivity in different fractions 
Incorporation in the individual phospholipids of acellu-
lar and ^cellular fractions of lung lavage as well as in the 
initochondrial fractions of lung tissue was measured by resolving 
the individual phospholipids on TLC plates as described above. 
After separation and identification of different phospholipids, 
the spots were scrapped from the plates and transferred to . • 
scintillation vials. Similarly, TLC for neutral lipids was also 
run using petroleum ether-ethyl ether-acetic acid (90:10:2; by 
vol.), A standard of cholesterol was also run and the spot for 
cholesterol was identified by spraying the plate with potassium 
dichromate (Skipski and Barkley, 1969). The gel scrappings 
were transferred to the scintillation vials. Similarly, a par-
ticular aliquot from the total lipid extracts of each fraction 
was also taken to the vials for counting. The scintillation 
fluid (10 ml) contained 4 gms PPO and 100 mgs POPOP/litre sulfur 
free toluene (Cooper, 1977) and radioactivity was measured in 
a Packard scintillation spectrometer. Model No.3330, Packard 
Instruments Co., U.S.A. The counting efficiency for '^^ C was 
90%. 
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RESULTS 
Phospholipid profile of acellular fraction of lung lavage 
from control and dust-treated ra-bs 
The data recorded in Table 3.1 indicate that total 
phospholipids as well as individual components resolved by TLC, 
underwent a marginal decrease in the 4 day dust-treated samp-
les, subsequently they increased so that 40 day samples had 
over 50% higher total phospholipids. DPPC which decreased by 
31% at 4 days, showed a 62% increase in 40 day samples 
(P<0.001). PE, PI, PS and sphingomyelin as well as the unid-
entified component also showed a similar trend. This data, in 
general, is in agreement with the findings reported earlier. 
Inspite of alterations in DPPC content, the relative propor-
tion of this component as corrpared to total phospholipids was 
unaffacted. 
14 
C-acetate incorporation into lipid fractions in acellular 
fraction 
The data for incorporation of ^^C-acetate by slate-
treated animals into various lipid fractions in the acellular 
fractions of lavage are recorded in Table 3.2. 
In the 4 day samples, incorporation of acetate into total 
but 
lipids was of the same magnitude as in controls/at 4 0 days, 
there was almost 90% higher rate of synthesis of lipids. As 
observed in the content of phospholipids, the incorporation 
into phospholipids decreased at 4 days and increased at 40 days 
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With DPPC the 4 day samples showed about 30% decrease (P^O.OO 
whereas the 4 0 day samples showed almost 2-fold increase 
(P ^ 0.001). Similarly^ in PE, there was about 50% increase 
whereas for PS, PI and sphingomyelin, it was 38%. When the 
values were expressed in terms of CPM/mg phospholipid, the 
DPPC showed a 74% increase at 4 0 days whereas the other phos-
pholipids showed only marginal changes. 
Changes in the phospholipid contents of cellular fraction of 
lavage 
The data for the changes in the phospholipid contents of 
cellular fractions are recorded in Table 3.3. The phospholipid 
content was 158% higher at 4 days while only 58% increase 
(P<0.00l) was observed at 40 days of dust-treatment. The mctiTi 
contribution to this increase was phosphatidylcholine which 
showed 176% (P< 0.001) and 54% (P< 0.001) increase at 4 and 4-e> 
days respectively. A similar trend was observed with other 
components also. 
14 C-acetate incorporation into cellular lipids in lavage from 
control anci experimental rats 
Table 3.4 records the rate of synthesis of various lipid 
fractions by the cellular component of lavage from control and 
experimental rats. As with absolute contents, the incorpora-
tion into total lipids was much higher at 4 days (26 5%, P< O.OOl) 
Among individual phospholipids only phosphatidyl choline showed 
a significant change, amounting to about 3-fold. At 40 days, 
there was no significant change in ^^C-acetate incorporation 
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into -the total lipids as well as the individual phospholipid 
fractions therefrom. When the valuus were expressed in terms 
of cpm/mg individual phospholipid only phosphatidylcholine 
showed a significant increase at 4 days; the changes in other 
components were insignificant. 
^'^C-acetate incorporation into lung tissue lipids 
Four days after dust-treatment, the lipid synthesis was 
almost doijble that of control in homogenates (P< 0.001). After 
that it decreased, so that at 40 days, it was about 6 0% higher, 
than control (Table 3.5), It was significant that the mito-
chondrial fraction showed about 3 0% of the newly synthesized 
lipid in controls. At 4 and 40 days, the corresponding propor-
tion was 43 and 45% respectively. VJith microsomes, the respec-
tive proportion of lipid incorporation, as compared to whole 
homogenate, was 15, 29 and 23%, for control, 4 days and 40 days 
samples. Incorporation into cytosol was comparatively lower. 
However, in the three subcellular fractions as in thti case of 
whole homogenate, 4 days sample showed higher incorporation 
than control. While 40 days sample was in between. At four 
days, the increase in incorporation into mitochondria, micro-
somes and cytosol lipids was 185, 26 0 and 100% higher than con-
trols. The corresponding values at 40 days were 121, 148 and 
58% respectively. In all the cases, the three fractions toge-
ther recovered only 6 5, 71 and 7C% of the total lipid incorpora-
tion into whole homogenate. The remainder may be taken as the 
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lipid in the nuclear frac-ion composed of nuclei^ debris, ext-
racellular components and any unbroken cells. 
Contents of individual phospholipids in lung mitochondria from 
control and experimental lungs 
Phospholipid content of lung mitochondria showed 15 and 
39% increase at 4 and 40 days of dust-treatment, respectively. 
This increase was manifested in all the individual fractions 
also, lecithin showing 36 and 61% increase (P< 0.001) at the 
two stages of dust treatment. Similarly, other phospholipids 
also increased at the two stages of dust-treatment (Table 3.6). 
14 Incorporation of C-acetate into mitochondrial phospholipids 
The data for isotope counts in total lipids and indivi-
dual phospholipids separated by TLC, from mitochondrial frac-
tion as influenced by slate pneumoconiosis are recorded in 
Table 3.7. 
Phosphatidyl choline synthesis increased by 161 and 196% 
at 4 and 40 days respectively (P<0.01). Increasing tendency 
of incorporation of acetate into other phospholipid fractions 
was also evident in dust treated mitochondria. In the case 
of phosphotidyl ethanolamine the increase at 4 and 40 days were 
140 and 72%, respectively. Also expressed as CPM/mg indivi-
dual phospholipid, the incorporation in PC and PE was higher 
at the two stages of the dust-treatment. 
Effect of slate dust exposure on cholesterol synthesis 
Cholesterol content of mitochondria tended to increase 
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by about 22% at 4 and 40 aays (Table 3.8). Correspondingly, 
the radioactivity incorporated into mitochondrial cholesterol 
14 
increased by about 55 and 70% (P< O.Ol). Enrichment of C 
acetate in newly formed cholesterol was also evident from the 
significant enrichment in cpm/mg cholesterol. 
Cholesterol content of microsomal fraction was enhanced 
by 26 and 44% (P<0.00l) at 4 and 40 days of slate exposure 
respectively (Table 3.9). Correspondingly, the incorporation 
of ^"^C-acetate into cholesterol showed a value higher by ohgthird 
than the control. This enrichment was of a much lower magnitude 
at 40 days. 
Changes in extra pulmonary lipids 
Liver, which is the chief site of lipid metabolism, 
showed about 5 5% increase in incorporation of acetate into 
lipids (Table 3.10). In plasma, there was no statistically sig-
nificant changes in solvent extracted ^^C- counts of whole 
plasma, TCA precipitate and TCA supernatant (Table 3.11). 
DISCUSSION 
The foregoing results clearly indicate that significant 
alterations in phospholipid turnover takes place in rat lungs 
as a result of stress by slate dust. The data for acetate 
incorporation in normal animals itself unveil several new lines 
of information regarding phospholipid metabolism in lung cells 
and lavage. It may be pointed out that fatty acid and 
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Table 3.8 
Total cholesterol content and^J"^C-acetate incorporation into 
the mitochondrial cholesteroj^of control and dust-treated rats-
Group Total cholesterol Incorporation CPH/mg cholesterol 
content (mg/g in cholesterol 
fresh tissue wt.) (CPM/g fresh 
tissue wt.eq.) 
Control 0.63+0.085 20424+3392 31849+7398 
Experimental 0.78+0.036 31794+4274 38707+9643 
(4 days) 
Experimental 0.771+0.055 34312+3812 44538+92 78 (40 days) 
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Table 3.9 
14 
Cholesterol content and C-acetate incorporation into the 
microsomal fraction of control and dust-treated rat lungs 
Group Cholesterol(total) Incorporation CPM/mg choles-
(mg/g fresh tissue in the total terol 
weight eq.) cholesterol 
(CPM/g fresh 
tissue wt. eq.) 
Control 0.341+0.02 5456+228 15818+3138 
Experimental 0.431+0.068 9194+216 21373+3138 
(4 days) 
Experimental 0.492+0.021 8434+310 16927+677 
( 40 days) 
Values are arithmetic mean of four determinations + S.D. 
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Table 3.10 
14 
a of X-ac 
Of liver of control and dust-treated rats 
In vivo incorporation of C-acetate into the total lipids 
Group (CPM/g fresh tissue weight) 
Control 39978+10072 
Experimental 62266+10522 
(4 days) 
Experimental ' 61854+19254 
(40 days) 
Values are arithmetic mean of four determinations + S.D. 
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Table 3.11 
^'^C-acetate incorporation into the total lipids of plasma of con-
trol and dust-treated rats 
Group Plasma 
(CPM/ml plasma) 
TCA Precipitate 
(CPM/ml plasma) 
TCA Supernatant 
(CPh/ml plasma) 
Control 1784+202 43 2+86 1410+384 
Experimental 2182+254 440+38 1188+156 
(4 days) 
Experimental 2378+324 530^110 1242+132 (40 days) 
Values ire arithmetic mean of four determinations + S.D. 
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phospholipid biosynthesis in lung is not fully known excepting 
for a few isolated reports (Torobropoulos, 1971; Fischer, 1976). 
However, one may envisage that the overall biochemical proce-
sses are similar to that in liver (Felts, 1965; H a r l a n ^ al., 
1966; Tombropoulos/ 1971). Since the mitochondria rich epithe-
lial type II cells, are the chief sites of phospholipid synthe-
sis (Douglas and Farrell, 1976), the present data along with 
the variations in functional organization of lung mitochondria 
in various cases of pneumoconioses (Beg ^ 1973; Singh 
_et 1976; Das ^ 1983.) clearly indicate a definite 
role for this cell type in tissue injury by air-borne xenobio-
tics. Since these cells are believed to be involved in the 
elaboration of pulmonary surfactant (KiWcawa et 1975; 
Rooney et 1977) such stress induced alterations in DPPC 
turnover could also affect the lung defence mechanisms (Cohen 
and Gold, 1975) . In fact, the enhanced synthesis of DPPC in 
late slate pneumoconiosis, could be related to overall increase 
in mitochondrial activity (Chapter II) and could affect the 
normal physiological role of DPPC in respiration (Tierney, 1974). 
One guestion remains open is that whether both novo synthesis 
of fatty acids and elongation of preformed chains account for 
the data for incorporation in the present study. Since the aim 
of this author was only to develop an understanding of the over-
all process of lipid synthesis, analysis of label in various 
carbon atoms of the nascent lipids was considered beyond the 
scope of the present study. However, it is felt that the process 
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of elongation in mitochondria in health and disease deserves 
detailed study in view of the marked variations in lipid compo-
sition in a variety of lung diseases (Akino and Ohno, 1981) and 
the diverse functions of lung lipids (Mason, 1976). Also in the 
present study, the response of dust on the total phospholipid 
content and on incorporation of acetate was generally the same 
so that the counts observed in various fractions represents a 
true index of their turnover in slate pneumoconiosis. Moreover, 
it is evident from the data that the variations in different 
phospholipids, remained unchanged. Therefore, overall phospho-
lipid metabolism is undergoing alterations. 
One salient feature was that at 4 days and 4 0 days 6bnsi-
derable variations exist in the pattern. This is in agreement 
with the biochemical data reported in earlier Chapter also. Thus 
the lipxds of cellular fraction increased at 4 days and then 
decreased whereas those of acellular fraction showed thu reverse. 
Acetate incorporated in total lipids was also parallel. Thus the 
initial increase in cellular phospholipids is due to assembly of 
wandering cells as a defence against foreign body reaction while, 
later stages, lung cells elaborate more of DPPC, as a part of 
stimulated mitochondrial activity. The increased DPPC levels may 
further reduce interfacial lesions and could affect the function-
ing of alveolar sacs (Tierney, 1974) . 
The incorporation of acetate into total lipids was also 
higher at 4 days and to a lesser extent at 40 days than control. 
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Further# the same pattern prevailed in the case of mitochond-
rial, microsomal and cytosol fractions. It is interesting that 
the order of incorporation was highest in mitochondria, and 
then in microsomes. Whether this is a peculiar property of 
lung tissue is uncertain. Since elongation in mitochondria 
and cholesterol synthesis in endoplasmic reticulum, could also 
account for the label. It is only concluded that significant 
alterations in lipid synthesis take place in slate pneumoco-
niosis. Cytosol fraction also showed higher isotopic levels. 
Thus as with other types of dust toxicity (Kaw _et 1971; 
Grunspan ^ 1973; Tetley et aj.., 1976), slate also causes 
disturbances in lipid metabolism. This in turn will affect 
respiratory physiology through involvement of surfactant, and 
meiubrane damage. Additional phospholipid synthesis could be 
an afr-iptive response to repair tissue especially membranes, 
against damage by dust. 
Mitochondria which is an early target for the biological 
effects of many noxious dusts (Rahman 1977), showed 
considerable spcicific variations in phopholipid turnover in 
14 
slate pneumoconiosis also. C-acetate incorporation into 
mitochondrial lecithin could be due to enhanced ^ novo synthe-
sis, translocation or elongation. Whatever be the reason the 
present data clearly indicate an enhanced function of cyti dine 
nucleotide mediated phospholipid synthesis. Since lecithin and 
cephalin levels change in parallel manner, interconversion 
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(Trewhella and Collins, 1973) caijnot be the reason for the 
changes. 
14 
In spite of the increase in cholesterol level and C 
incorporation into non-saponifiable lipid fraction, the specific 
radioactivity in cholesterol also increased as the disease pro-
gressed. Whether mitochondria has any marginal capacity for 
cholesterol synthesis, is out of question, since traces of mic-
rosomal contamination are likely. Any contribution by enhanced 
transport of cholesterol and stimulated mitochondrial assembly 
could account for the data. 
Thus, significant alterations in lung lipid metabolism 
take place in slate induced pneiamoconiosis- Since lipid meta-
bolism is also altered in other types of inhalation toxicity 
(Akino and Ohno, 1981), detailed understanding of the turn over 
of individual components will be important in the study of lung 
biochemistry in health and disease. 
SUMMARY 
14 
Rate of incorporation of C-acetate into various lipid 
fractions of normal and slate dust-treated rats at 4 and 4 0 
days of dust treatment was followed. Incorporation into the 
total lipids of acellular fraction of lung lavage in the 
treated rats was significantly higher at 40 days. The phospho-
lipids of acellular fraction also showed enhanced rate of 
incorporation, particularly by dipalmitoylphosphatidylcholine. 
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The cellular fraction of lavage also showed higher rate of inc-
orporation, particularly at 4 days. Incorporation into various 
other s^ibcellular fractions of lung in the dust-treated rats was 
also enhanced. The individual phospholipids of mitochondrial 
fraction, particularly phosphatidylcholine, showed higher rate 
of synthesis in the treated rats at both the stages. Incorpora-
tion into mitochondrial and microsomal cholesterol was also 
higher in the treated rats. The results are indicative that 
slate dust causes an enhanced synthesis of pulmonary surfactant 
and other lung lipids and, therefore, have an effect on the meta-
bolism of-:type II epithelial cells. 
GENERAL DISCUSSION 
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The investigations condUvted by the present author 
constitute the first ever study of the potential toxicity of 
slate dust to which a large number of persons engaged in occu-
pations are vulnerable in Indi^i. As such, one major outcome 
of this dissertation is the development of a suitable experi-
mental model for slate dust pneumoconiosis. The experimental 
slate pneumoconiosis, inauced in rats helps to evaluate the 
health risk of slate workers, specially the chances of pulmo-
nary fibrosis like other noxiougj dusts. Animal model studies 
have the advantage that they clearly pin point the causative 
factor, slate dust in this case. Also,data not available from 
clinical studies regarding physiological changes, pathomorpho-
logical lesions and altered metabolic make up, can be obtained 
from these models. Further, vivo whole animal toxicity 
studies, even though more time consuming and less informative 
than in vikieo indepth studies regarding molecular mechanism 
of pathogenicity, help in understanding the overall response 
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of the living organ system to the stress. As such, the data will 
be directly applicable in arriving at conclusions regarding the 
disease processes. Thus, significant alterations in physiologi-
cal chemistry of lungs occur on slate dust exposure, which could 
be the causative factor or a consequence of tissue injxiry. 
The earliest sign of tissue reaction as in the case of 
other foreign body reaction, is the accumulation of scavenger 
cells, as a part of lung defence. The number of free cells sig-
nificantly increased in the lungs within 24 hrs of slate dust 
instillation. The accumulation of macrophages reached its opti-
mtom level at 4 days and subsequently their number decreased with 
the progress of toxic conditions. The increased number of macro-
phages and the biochemical alterations in them particularly 
enhanced acid phosphatase activity clearly indicate the cytotoxic 
nature of slate dust. However, unlike asbestos (Beg et 1977), 
the increased acid phosphatase activity was not accompanied by 
any serious exposure of the enzyme from its membrane enclosed 
latency and even at the most advanced stages of exposure the 
latency is not totally broken. Thus, the cytotoxicity of slate 
dust _in vivo consists of damage to plasma membrane, without ser-
ious damage to phagolysosomes. Inspite of a large number of 
studies on J^ vitro cytotoxicity to macrophages, evidence for 
such in vivo effects is limited. 
The above changes in the cellular fraction of lavage is 
accompanied by significant alterations in the acellular fraction. 
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The acellular fraction of lavage contains surfactant, any compo-
nent leached from the macrophages and possibly any exudate from 
damaged lung cells or cellular entitifc,s, released through memb-
rane damage. Any biochemical parameter such as acid phosphatase 
in this fraction could be indicative of dust induced damage. If 
these factors are to be transported to blood, serum levels of 
them may offer diagnostic clues, even though further studies are 
needed for understanding its significance. Further, support to 
cytotoxicity and membrane damage was provided by simultaneous 
release of sialic acid in the cell-free extracts of treated ani-
mals. In normal animals, acellular fraction of lung lavage was 
devoid of any sialic acid. The appearance of sialic acid in the 
acellular fraction of treated animals was presumably due to the 
damage to the merrbrane and its removal from macrophages due to 
activation of sialidase (Harington et aj-., 1971) „ The involve-
ment of membrane in slate dust toxicity was also supported by 
tbe vivo effects observed with RBC membrane which were more 
fragile in the experimental animals. Such changes in RBC may be 
produced during the passage of the blood through the dust laden 
lungs or due to some soluble factors affecting the hemopoietic 
system. 
The most significant observation is the enhancement in the 
pulmonary surfactant content as indicated by phospholipid esti-
mation and later confirmed by ^^c-acetate incorporation studies-
Apart from acting as defence mechanism against foreign body. 
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increased surfactant could affect normal physiological function-
ing of alveolar lining in respiratory gas exchange. 
The reasons for enhanced surfactant levels could be due 
to increased functions of mitochondria, specially by prolifera-
tion of type II epithelial cells. As in the cage of asbestos 
(Das et 1983) and silica (Rahman ^  1977), the enhan-
ced mitochondrial metabolism is an integral event in silicate 
14 
toxicity. The enhancement of C-acetate incorporation into 
mitochondrial phospholipids, presumably due to elongation of 
fatty acid chains also indicated mitochondrial involvement. 
Nascent cholesterol in mitochondria also increased in slate 
treated lungs which may be due to increased uptake by mitochon-
dria. Lipid turn over in other intracellular sites was also 
affected. Therefore, pulmonary lipid metabolism undergoes sig-
nificant modulatory adjustments in response to slate toxicity. 
In addition to the significance of the above data on the influ-
ence of slate dust on lipid metabolism in lung, considerable new 
information of basic interest in normal lung biochemistry has 
emerged from the studies. Since the aim of this author was only 
to develop an understanding of the overall process of lipid 14 
synthesis, analysis of C label in various carbon atoms of 
nascent lipids was considered beyond the scope of this study. 
One of the salient features was that at 4 days and 40 days con-
siderable variations exist in the pattern. The phospholipids 
of cellular fraction increased at 4 days and then decreased 
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whereas those of acellular fraction showed the reverse. Acet-
ate incorporation into the lipids was also parallel* The chan-
ges in terms of CPM/mg of individual phospholipid indicate 
are 
that specific metabolic events/involved in slate dust toxi-
city. Thus, the initial increase in cellular phospholipids is 
due to assembly of wandering cells as a defence against foreign 
body reaction while in the later stages, the lung cells eia-
boret^ore of DPPC as a part of stimulated mitochondrial acti-
vity. The increased DPPC levels may further reduce interfa-
cial lesions and affect the functioning of alveolar sacs 
(Tierney, 1974). This could account for the respiratory diffi-
culties in slate workers. 
One major consequence of slate pneumoconiosis is the 
increasing tendency for collagen deposition indicating pulmo-
nary fibrosis. The init-^ -ation of collagen deposition starts 
around 90 days of exposure reaching substantially higher values 
at 150 days. The concurrent increase in hexogamine and sialic 
acid in the lungs of experimental animals may lead to the accu-
mulation of mucopolysaccharides. Mucopolysaccharide accumula-
tion has been reported in various types of pneumoconioses such 
as in the early proliferative phase of silxcosis (Singh et al-, 
1975) and in asbestosis (Viswanathan et al., 1973; Kisra et al., 
1978). Since parallel trend in collagen and mucopolysaccharide 
is apparently similar to that observed in asbestosis, one 
could in analogy assume that fibrosis is of reticulin type. 
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other effects in the lung tissue associated with fibrosis were 
noticed in mitochondrial status. The involvement of mitochon-
dria in the pathogenesis of slate dust toxicity is evident from 
the increase in the mitochondrial protein and terminal cytoch-
rome c oxidase, which may help in furnishing additional energy 
needed for biochemical events like collagen deposition through 
the process of oxidative phosphorylation (Rahman et al», 1977). 
This could also lead to the redox potential changes which are 
important events in the biological effects of asbestos (Flowers, 
1974). In this respect slate dust resembles asbestos in exhi-
biting selective mitochondrial response. 
Thus as with other noxious dusts,slate dust is also fibro-
* 
genie and cytotoxic as evident from the present studies. It is 
even more significant that the biochemical profile in the initial 
and later days of slate exposure, show marked variations in cell 
counts in the lavage, acid phosphatase activity, mitochondrial 
activity, acotatti incorporation and lipid profile. The changes 
clearly indicate two phases: the earlier one of proliferation 
of cell types and accumulation of wandering cells and the later 
stages when degenerative reactions and fibrosis start. In bio-
chemical terms these stages represent defence and cytotoxicity 
initially and metabolic adjustments as a result of tissue injury 
later on. Detailed biochemical studies in the lints emerging 
from the present pioneering study on slate toxicity may help to 
elucidate the molecular mechanism in the disease process. 
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Thus the present study has experimentally established the 
cytotoxicity and fibrogenecity of slate dust to which slate wor-
kers at Mandsaur are exposed and also furnished clues regarding 
the process of tissue injury. These informations may prove use-
ful in advocating and implementing protective measures to safe-
guard the health of potentially vulnerable persons, prone to 
toxicity by slate dust fugitive on their occupational environ-
ment. 
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